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PREFACE. 



I HATE aimed eo to write this book, th&t It shall be fitted both for 
gener&l reading, and for iostracrtion. It )e deeigDed for the fiimil; 
Bs well as for (he school. It seemed dedmble tbat these two objects 
should be accomplished at the same time, and I have not found them 
to be at all incompatitile. The instniction needed hj the fiunil; on 
this subject does not differ from that which is required in the school- 
room, either in regard to the iacta to be commoiiicated, or the mamicr 
in which it should be done. No one will qoeation the truth of this, 
so far as the &cts are concerned. Bat it is true even as to the mode 
of commDuicattng them. In both cases there need to be clearness in 
Btatement, and fullness of UtustrBtion. Actual instruction is to 1m 
given in both cases, and to minds tbat are very nearlj in the same 
attitude. I could not, therefore, see the neceaeit; of writing a boob on 
this subject for the people which shoold dlSer from one written for the 
school. Beddes, it has seemed to me desirable that there should be a 
greater commnnitj of interest between the school and the fkmil; than 
as yet exists ; and this object, hooka equally intereeting to both will 
tend to promote. 

I have avoided technical terms so far as possible. Whenever thej 
are used tbey are suffldeotly explained at the time, so that no glossary 
is needed. Some points commonly eon^dered hard to be nnderatood 
are tre«ted of, bat I have endeavored to Amplify them, by full illustra- 
tion, and by a presentsMon of the truth uncomplicated with specula- 
tions and taypotheeee. And these points are so introduced, tbat the 
mind Is prepared by the previous investigaUon to onderstand them. 
I have aimed so to amufie the topics, as to have a preparation oon- 
etantly going on In the mind of the student, fitting him for the proper 
understanding of what is to follow. By this DBtnral frradation In the 
development of the whole enbject some of the deep things in Physi- 
ology can be made clear, which It would otherwise be impossible for 
the student to uaderstand. 

Although Fhydolf^y is becoming a prominent study in the schools 
and (Mllegee in some parts of oar country, Its importance is no where 
as yet appreciated as it should be. Itshonid be made aregular branch 
in our Educational System. This' has tieen already done in France. 
"A competent knowledge," says Carpenter, "of Animal Physiology 
and Zoology is there required from every candidate for Unlverdty 
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lionoTs ; and men of the bigliest edentific repntation do not tliink it 
beneath them to wnte elemeulaif bookr, for the inBtiuction of the 

The important of PhyBlology as a Btndy, will appear from variona 
conBiderations. 

Many of the subjects comprised in Physiology have, in the case of 
most students, been already atndied in a different phase, or mode. In 
other branches. Thus, if the student has attended to the Mechanical 
Poners in his Natural Philoaophy, he finds in the hiiinan body the 
prindples of the policy and the lever illustrated in great variety and 
l>erfection. The principles in relation to strength In the form and ar- 
rangement of structure he 8e«e exemplified in the framework of the 
body in the most admirable manner. If he has studied Hydraulics, he 
sees Id the body the ibost perfect, and at the aame time the most com- 
plicated hydraulic machinery, working incessantly throughout life in 
the circulation of the blood. The prindplee of Pnenmalics he finds 
applied in the respiration— thoee of Optica in the eye— those of Acous- 
tics in the ear — and those of Musical Sounds in the apparatus of the 
vdce. And then, hia chemical knowledge meets with new applications 
in his observation of the changes and the processes going on in the body. 

The relations, then, of Physiology to some of the common branches 
tanght in the higher classes in schools, are of the most intimate char- 
acter. Physiology, in part, merely esiends these branches into a new 
and interesting field ; and the student who has once entered this field 
recurs to these same branches with a renewed interest. Hydraulics, 
Pneumatics, Optics, &C., have now a new attraction for him, trom this, 
to him novel, application of their principles. The interest thus awak- 
ened in his mind is worth much in itself, aside fri>m the mere addition 
made to his knowledge. And the interest is enhanced by the con- 
^deratiou, that in the human body he sees the applications of these 
prindples to mechanism that exhibits the skill of perfect wisdom and 
almighty power. 

But there are relations of Phyfnology to still other studies which 
should be noticed. 

The analogies that esist between the human body and all other 
living things, in relation to stmcttire and growth, are numerous and 
striking. Though life is so diverse in its processea and in the forms 
which we see it evolve in the whole range of animated nature, it in 
some important reepects dtaplays a great amilarity, which it is interest- 
ing to trace throughout its diversified manifestations. Growth, or 
nutriUon, as you will see in the following pages, is essentially the same 
in the Plant as it is in the Animal. Botany, therefore, tatight as it 
should be, has quite an intimate relation to Animal Phy^ology. The 
Science of Life is. in many reHpectB,,ooe Science ; and if, in studying 
any of its subdivisions, we foil to take this broad view of it, and to trace 
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PKEFACE. IX 

oat the analogies referred to, we loee a large part of tbe tntetefit of tlie 
stodj. H-omati Phfslolog7. the subject of sCndj' in this book, in bnt a 
piirt of a Bdence which o^ra to the etadent wide fields of obeervation 
esceedingly diveraitied and full of Interest. Thte heing bo, 1 could not 
aTtnd in the foUowiog pages making occasional refereQcee to the analo- 
gies exisUng between tbe phenomena of life as exbiliitsd in the buinaD 
^sUiui, and those which we see la the living world around as ; and aa 
-Qie Htndent proceeds with the stndj, he wlU find biinaelf Interested Id 
these in whatever form they are presented. 

This leads me to say that this stodf of nator*, la Its broad oommon 
relations and its beautiful and estenelve analogies, should be made verj 
prominent in our syHtems of education. It is the applloalion of the 
IHinclplea of abatiact sdence to the forms, and especially tbe Uving 
forms of naiare all about us, that gives Interest to these principles, and 
makes ns to understand and appredate them. It Is here that we find 
a very serious defect lu tbe prevalent mode of edneation, even at the 
present time, notwithstanding all our impravnuenls. We live In the 
midst of a material world, animate and Inanimate, and have daily con- 
verse, so to speak, with material forms of every variety, presenting phe- 
nomena of the highest interest and of endless diverrity. And yet, 
throngh almost all the period of childhood, and perhaps we may say 
youth also, this book of nature is in the school-room very nearly a 
sealei book. The very process of education shuts in tbe pupil ftom 
this broad contemplation of the world <o tvhloh he lives. He isdritled 
through spelling, reading, grammar, Ac., bnt he is left in total ignor- 
ance of the beautiful flowers, and the m^estie trees outside of tbe 
sehool-room. Howveiy few even of thoroughly educated adults, know 
the processes by which a plant or a tree growsl And the same can be 
s^d of other phenomena of natnre. 

The defect which I have pointed out runs Ihrongh the whole of edu- 
cation. We can see it even in the prevalent mode of teaching the 
natural sdences themselves. One would suppose that here tbe iacts, 
the phenomena, would command the chief attention of the t«acher aad 
the student. But it is very commonly not so. The mere technicalities 
and the dasBtGcation are made much too prominent. Botany, reallfone 
of the most interesting of all branches of □ataral sdence, is (has 
ordinarily made one of the driest of studies- To teaeA this arigM, the 
phmomena of vegetation, to varied and ro beatUiful. ihovld eonMiltOs the 
ehi^ material of iTutruetiim, and tAs mere clamjktUion tfundd be hot*- 
eidered, aUhough neceatary, aa wholly a teeentdairy thing. 

The great fiurts of the world, both of mind and matter, should 
famish really the material for education, and thoee branches that are 
ordinarily pursued with such assiduity should be considered as merely 
subsidiary to the teaching of these facts. Thewhole order of education 
must be reversed. Instead of beginning the child's education with 
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X PBEFACE. 

learning to spell and read, the object dhould be to make liim an ob- 
server of nature, and the epelling and reading should be done In eon' 
nection with this, and as subsidiary to it. Things and not words, or 
mere ^gua, shoald Aom the first, constitale the sobstautial pan of in- 
BtTOCtion. The child should be mode, at home, in the school, and evety- 
wheie, a uataraiist in the largest sense oi' that word. We should aim 
to impart to him a spirit in consooauce with th« following precept of 
Hugh Miller, the fiuuous self-taught geologist; "Learn to m^o a 
right nse of your eyes ; the oommoneet tbhigs are worth looking at — 
eren stones and weeds, and the most &nliliar animals." 

As It is now, no <»ie beoomee a natarsliBt early la life, except In 
spite of the tendencies of his education. The study of nature ia not 
only not encouraged, but is absolutely discouraged In our edncatiomil 
system. If aigr one, like Hugh Miller, by the force of a taste tliat can 
not be repressed by the training of the school-room, undertakes to 
make a "right use of his eyes," and eariously examines "slones and 
weeds," he is regarded by th^ world of speUera and readers and gramma- 
riana and oipherers, aa a strange genius. But he is pursuing, from an 
irresiBtible internal force, the vary course that I would have every 
student, even fiiom his childhood, encouraged to pursoe, in a measura 
at least, by the eitarnal circumatances of his education. The lenden- 
ties of his training should be decidedly in this direction. 

If the general mode of education were changed Id the manner Indi- 
cated, education would have much less of the character of mere drudg- 
ery than it now has. Not that there would be any the less labor ; but 
the labor would be made lighter by the interest imparted to it— the 
interest which always reaulla from the study of tacts and phenomena, 
and never from the learning of mere words and technicalities and 
classification. I would gladly dwell ou this subject, and show by 
varied illustratioas how ^e mode of instrnctinn referred to, should be 
pursued, and especially with younger scholars ; but the Ihuita of a 
preface will not allow me to enter so large a field. 

The change which I have point«d out can not be effected at once. 
It will require time. Confirmed traditional customs are to be done 
away, the habits of teacheiB are to be altered, and the proper hooks are 
to a great extent to be yet written, especially such as are fitted for the 
fliat yean of education. 

If the study of nature should be thus made prominent in education, 
human physiology would be considered altogether its most interesting 
and important branch, and for several reesoos. First: there is no- 
where to be fonnd so curious a collection of mechanisms, or so interest- 
ing and wonderful a series of processes, as in the human body. In 
nothing else in the wide world are the principles of so many depart- 
ments of sdence so extensively and perfectly exemplified. Life works 
here its most complicated set of machinery. Secondly: the singular 
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PBEF&CE. XI 

Mid myBteriom conneetion of tlie inimsteriitl and imroorUl K>nl with 
the material and periBfaable bodj, givee IntenBe Interest te this Btndf . 
In Physiology we do not atad; matter alone, or spirit alone, bnt both 
matter nod spirit united, and often acting togeUitiT. This dream- 
staJice diBtingnishes this from all other stadies. Thirdly : it is our oton 
bacaes, moved by the spirit within oh, that we stndy, The enbject haa 
a pereonal interest for oa that is not presented by most etndies, and 
by none in so large a d^ree as in this. And. tborthly : the study is 
of gre^t Imponaace, becanae a jodidons and efficient Hygiene mnst 
be based upon a knowledge of the laws of physiology. We can 
not know how to keep onr fonctlous In the oondttico of health, with- 
out imderataikdiDg the lawa that regulate them. I faare said bat 
little in this book in r^aid to hygiene, and that only incidentally, 
because that eabject wonld Kqniie of itself a whole volume to elo^- 
date it properly. 

I have not tbonght it proper to Indulge to any great extent in tboeo 
Inflections which the contemplation of so perfect and diversified a 
congeries of mechanisms as are pieeented in man would naturally 
suggest, in regard to the skill of the great Bnilder of the nniverse. 
Such reflections wonld extend the book to loo gieat length. Besides, 
they are so readily su^estedto the mind of both teacher and acholar, 
that it ia entirely nnnecessary for the author te dwell on them. 

I have tieated of soma sabjeota on which, firom the difficulty of 
anderstanding them, there bas heen a dispotition in many minda to go 
beyond what we know, and indulge in nnwarranted speculation. On 
these pointe I have taken pains to draw the line very diatinctly be- 
tween what is known, and what Is supposed. I deem it Important to 
prevent the minds of the yonng from bring led away from the simple 
truths of science by Ingenions specalatlons and plaonble reasonings. 
Let me not be nnderstood to decry all hypothesis, I object only to the 
mingling of focts and sappoeitions t(^ether in one indiscriminate mass, 
as is often done. The disporition to do this, which is more common 
than ia generally supposed, exerts so injurious an influence upon the 
habits of the mind, and so confnsee its views of trath, that we ought 
to look upon it as one of the most serious evils to be guarded against 
In education. It is really one of the moat prominent obstacles te the 
progress of trath on all subjects, both in individoal minds, and Id the 
minds of the community at large. This disposition, so apt te be fos- 
tered in the enthnsiastlo mind of yonth, by Ingenious- but dreamy 
specnlations, shonld be corrected at the ontset, and the mind shonld, 
in its forming stage, be habltoated to the discriminstion between the 
proved, the true, and that which rests on presumptive, perhaps merely 
planaible evidence. This discrimination should therefore be exempli- 
fied in hooka designed for instruction, and this I have attempted in the 
present volnme. 
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SUGGESTIONS TO TEACHERS. 



In order to be able to teach f^qpa this book properlj, the teachet 
ehonld himself stady all of it thoroughly before he be^na his instruo- 
tioQ. If he merely keep a little in advance of his class, he trill fall in 
his coDceptioDS of the general scope and plan of the book. If the 
interest <^ the Babject awaken in him and in his puiuls a spirit of in- 
qoiiy, there will be a continaal looking forward to points which are 
explained and Illustrated farther on in the book. 

Now if the teacher has made himself master of all the subjects 
treated of, instead of turning off the inqoir? of a scholar without an 
BQSwer, or even the promise of an answer in the fntnre, or endeavor- 
ing to clear up the points about which inquirj is made, which of 
conrse he can do, under the cirCDmstances, in an imperfect manner at 
the best, he can satisfy the scholar by infbrming bim that these points 
will be found explained in their proper place at a fntore stage of the 
investigation. 

I have aimed to have every topic treated of in its right place in the 
development of the general subject, and the teacher should be tbor. 
onghly master of the whole book at the outset, in order that he may 
fully carry out my plan in the mode of developing the topics to the 
minds of his pupils. 

It must be obvious to any teacher that he can teach the minutln of 
the subject with more of interest, to say nothing of thoroutchnees, if, 
while doing it, be takes in the general views presented, and has in 
mind the relations of the particular topics in hand to other branches 
of the subject. Indeed it will be profitable occasionally for the 
teacher to aJQbrd the scholar some glimpses of the inteteeting fields to 
be explored further on, taking care, however, not to anticipate so 
much as to mar the natural method and order of developing the 
whole subject, which I have taken snch especial care to otiserve in the 
preparation of the work. 

The teacher should read the book through in eourte. If, instead of 
doing this, he opens tu some chapter in the middle or latter part of the 
book, be may get the impresaiou that too high matters are treated of, 
and that the minds of his pupils are not competent to understand 
them. They cannot be understood unless there be a preparation of 
mind for them ; and just this preparation is aimed at in the first part 
of the book. And tiesidcs, it is quite important that the subjects 
treated of should be developed to the mind of the teacher in the 
same order in which they are to be developed to the minds of his pupila 



SUGOESTIONB TO TEACHEBS. XIU 

In tbe engrnvings, cleameaa has been aimed at rather than beaatj. 
Yet I should DOtdo tbe engraver justice if I didnot say, that in beauty 
they are geDeralljr qait« eqnal to tboM which ne find in our standard 
profee^onal works on pbj^ology. It is to be boma in mind that 
wood-outs cannot represent correctly tbe beauty and delicacy of living 
Btmctniee. These can be realized only by sedng tbe structiues them- 
selves. Another tbing to be kept in mind is, that parts which are re- 
presented in engravings with definite lines for the sake of diBttDctnees, 
are ordinarily not thus distinct in the Btractnrefl. To make them bo, 
thedisaectingkoiTe mast sepanite them, and take off the cellnlar sub- 
stance, which, as the general packing material of the body, everywhere 
connects adjacent parts together. 

The t«acher can be aided very much in giving his scholars a correct 
idea of different organs, by presenting to them organs taken from the 
bodleS'Of Einimals. Thoa, in giving them an Idea of tbe lungs, the 
Inngs of a calf or a sheep can be used. A pipe niay be fastened Into 
the windpipe ; and by blowing into this, yon can show how the Inngs 
are inflated. An idea of the appearance of the human brain can be 
given by means of the brain of a calf, or any other animal of suf- 
ficient size. An ox's heart may be nsed in showing the stmctare and 
anangement of tbe valves and other parts of that organ, for they are 
essentially the same as in man- A very good idea of the arrangement 
<tf the cartilages that make up the lsr}>iix, can be obtained &om the 
larynx of an ox or a cow. The general shape and arrangement are 
the same as In man. 

It is some trouble to clear the parts of mnscnlar substance, but tbe 
teacher can get some physician or medical student to do It for him. 
When the preparation Is once made, it can be dried for permanent use. 
I have one which I made twenty-five years ago. In drying, it will be 
necessary to keep the wings of the thyroid cartilage apart by a wedge, 
and the supple epiglottis must be placed in such a poeitioo as not to 
interfere with a view of the interior of the larynx. Tbe large eye of 
the ox can be mode use of to show the varions parts of that organ, 
and also to show the formation of the images of objects on the retina- 
One great advantage of thus using parts from different animals Is, 
that a taste is given for tbe examination of the phenomena of life, 
with its wonderful mechanisms, wherever they may be seun. All 
living nature thus becomes fnll of suggestive intereet to the young 
student. 

There are some things of which plates can ^ve no correct idea- 
Buch, for example, is the cellular membrane. The attempt to repre- 
sent it is made in most books on physiology, but it is an entire failure- 
1 have a plate representing its cella as seen in a dried preparation 
under the microscope ; but to give the scholar an Idea of it as tt ap- 
pears to the naked eye in its natural condition, I refer him to it as 
1 piece of meat between the muscles and between 
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the fibres of each maeclo. The teacher can oeo a piece of meat for 
this pnrpoae. The diflbreace between muBcles, tandone, knd ligamenla 
can be sbown in the aatne waf , 

Those figiires which are mere diagraniB it will be well for the 
Bcholar to draw on the blackboard, and his ekill in deecription tad re- 
mark ma; be exerdsed for his own benefit and for that of the clasa. 
He ehoold be trained in this exerdee Id snch a way that he will ao- 
quire the power of (pving well-proportianed and well-arranged da- 
acrlptioDB, without the aid of prompting t^ minute gneetioos &om the 
teacher. 

It will be proper to mj eomething of the ose which ehonid l>e made 
of the queBtions that I have prepared. I hare two reasons for not 
placing them at the foot of the page. 0n6 reason ia, that the book 
is desired for general reading as well as for inetruction. Bat the 
chief leasou is. that I wish to prevent a too free ose of questions on 
the part of lK>th teacher and scholar. The marking with the pencil 
of ports which contain the answers to the qneetions, so often done in 
oor scliools, should never be permitted bj the teacher, for reasons that 
I need not stop to notice. 

The scholar should read tha text at first withont reference to the 
questions : and then the questions can be made nse of, perhaps with 
profit, to fix definitely In the mind the principal points that are 
brooght out. It will Im a nsefal eserdse for the scholar, atter reading 
a page or two, to think over the main ptnnts, and then see by the aid 
of the questions whether any important point has escaped iiis recol- 
lection, or failed to make the proper impresmon on his mind. 

The questions that I have constructed wiU, 1 think, be foond to be 
fitted to the great m^ority of scholars. But of course the teacher 
wiU vary them to suit the different capacities tmi mental atlitodea 
which he finds in his class. 

It is best not to have an uniform mode of asking questions, even 
with the same scholar. Variety should be given to the mode of hear- 
ing the redtation. Sometimes the questions should be minute, and at 
other times the mind of the Bobolar should l>e left to go on with as 
little leading as iwesible. 

The scholar should be enoonraged occasionally to give the substance 
of a whole paragraph, or even of more than this. In doing so, any 
failure in arrangement or proportion can be noticed by the teacher, 
for the benefit not only of the soholar that is redting, but also of 
the whole class. The general scope of an argument may also be 
^ven in the same way, and the manner of doing It be made the snb- 

The numbers attaohed to the queations refor to the pages, this being 
more convenient to the scholar thop a numbering by paragraphs would 
be, though of coarse it cannot be quite so definite in all cases. 
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CHAPTER I. 

ORGANIZED AND UNORGANIZED SUBSTANCES. 

1. Uie Crystal and the Plant are both iroaderful 
growths. The crystal was once a minute nucleus, and the 
plant was once a little genu. 

In one respect they are alike in their growth — both have 
increased from particles taken from things around them. 
But the proceescB by which this is done are different in the 
two cases. The crystal has increased or grown by layer 
after layer of particles. Any part of it, when once formed, 
is not altered. It cap receive additions upon the outside 
alone. The plant enlarges by particles which are intro- 
duced into passages and interstices. It grows by absorption 
or by intussusc^tion. 

2. Orffans. — This absorption is effected by certain yes- 
sels or organs, constructed in the root of the plant for this 
purpose. These absorb or take np fluid matter from the 
earth. Other organs circulate this fluid through all the 
plant ; and still others use it for the purpose of growth or 
formation. There are no such organs in the crystal, for it 
has no inner growth. The plant is therefore said to be an 
organized substance or being, and the crystal an unorffan- 
ixed substance. 

3. Mechanical Frinciples. — These organs, which 
thua absorb, aud circulate, and construct,' do not act simply 
on mechanical principles. They are active agents, aud they 
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perform their duty with a force, and after a manner, for 
which no mechanical principles can account. No mechan- 
ical powers could alone supply the leaves of the mighty- 
tree of the forest with sap from its deep roots; much less 
could they form those leaves. 

4. Chemical Frinciples, — Neither do these organs 
act simply on chemical principles. While man, through the 
agency of chemistry,, can form some of the crystals which 
are found in nature, he can not by any arrangement of 
constituents make a plant, a fiower, or a leaf. And the 
plant, left alone to the action of chemical principles, wilts ; 
and at length ceases to he a plant, and becomes common 
unorganized matter. . 

5. Vital Frinciples. — Mechanical and chemical 
principles, it is true, are both exhibited te some extent in 
the growth of plants ; but they are under the control of 
other principles, which we term vital. So the plant ia not 
only an organized substance, but a living being. 

6. Ariimala, — What has been said of plants, in dis- 
tinction from minerals, may also be said of animals. They 
are also organized living beings, and they have, generaUy, a 
more complex organization than plants. 

The whole material world, then, that we see around us, 
we divide into two parts — the unorganized and lifeless, and 
the oi^nized and living. The distinctions thus pointed 
out between organized and unorganized matter are essential 
and fundamental. But let us look at some other diatine- 
tions, which either arise from these or accompany them. 

7. Other jyistinctions between the Organic 
attd Inorganic. — All the parts of the mineral arc inde- 
pendent of each other, while it is otherwise with the plant 
or the animal. Accordingly, we do not examine the proper- 
ties of plants and animals aa we examine those of minerals. 
The chemist can ascertain all the properties of a crystal 
or a rock if you give him hut a small piece of it. 

But the botanist can not ascertain all the properties of a 
plant by looking at some one part of it. If he examine the 
flower, this gives him no knowledge of the root In order 
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to know all about the plant, lie most examine every part by 
itBelf, and then look at it in its relatioDS to the other parte. 
The same may be said of the physiologist, in hie investiga- 
tion ot the properties of animals. 

8- Assimilation in Organixed Substances.— 
As the crystal is forming by layer after layer of particles, no 
change is effected in these particles aa Uiey ate becoming 
arranged in the layers. But in the case ot the living organ- 
ized being, a change is produced in the puticles which are 
taken up by the absorbenta. And the change, ordinarily, ia 
both a gradual and a complex one. In the plant, a change 
is produced in the particles in the very act of absorption ; 
but this change is only the beginning of a process which is 
afterwards perfected. The sap is not thoroughly fitted for 
nntritipn when it first begins to circulate. It is carried up 
through the vessels of the trunk or stalk to the leaves. 
There the last step of the process is taken, and the sap is 
now ready to be nsed in the growth of the plant or tree. 

So, ^so, in the animal, the nutritions part of the food, 
taken up by the absorbents in the digestive oi^ns, is first 
acted upon by certain little glands, through which it passes, 
is then poured into the circulation, to be mingled with the 
blood, and is carried with the blood to the lungs, to be ex- 
posed to the air; and thus it is fitted for the nutrition or 
growth of the body 

This process, wluch is thus carried on in the plant and in 
the animal, is very properly called (uaimiiaHon. For the 
particles that are taken up by the absorbents in the root of 
the plant are, by this process, made like to the plant; and 
the particles taken np by the absorbenta in the stomach* 

* The word stomach requires some little explBn&tion, as it is need in 
[di^ologj in two BenBee — in a limited geuBe, uid also in (m extended 
one. It ia need In its limited senee, as referring to th« cavltj' at the 
beginning of the alimenlaTy canal, as it ia t«imed ; this latter term 
being applied to the seiies of cavitjee, the stomach and the email and 
large iuteetinea, which are found in the digestive apparatns in the 
higher ordere of animale. In comparieona, however, between these 
animals and those which have a more airople digestive apparatus, the 
word stomach is nsed In a more extended eense, as being sf nonymooe 
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are made like tlie animaL So obvious is this, in the case of 
the animal, that some Freach physiologifit speaks of the 
blood aa chair coulante, or rumiiiig flesh. 

9. Fertnanency. — Another prominent dietiiiction be- 
tween organized and unorganized substances is in relation 
to permanencjf. Constant change appears in all organized 
bodies; while permanency is written upon aiH substances 
which are unorganized. In organized beings, continual 
change is going on at ereiy point. It is a condition of their 
being. 

This is true, not only of the decline of a plant or animal, 
but even of its growth. For, in its growth, as the parts en- 
large internally as well as externally, they change not only 
the arrangement of the particles, but^ to a great extent, they 
change the particles themselves. It is true, as woll ^f the 
towering tree as of the tiny plant, that these changes have 
been going on during all its growth ; so that, at its ma- 
turity, it is, both in relation to the arrangement of its par- 
ticles and in relation to the particles themselves, a very 
different thing from what it was when it pnshed its germ 
up through the ground, or even when it was but a small 
tree. So, in all animals, the same internal changes are 
going on, and to a much greater extent ; because, from the 
activity of their nature, there is wear and tear, and, there- 
fore, refuse matter to be disposed of. As you will see in 
another part of this book, the human body undergoes these 
changes very largely. 

The crystal, as fast as it is formed, becomes permanent. 
ISo changes occur within it. In itself, it is unchangeable. 
It can not change its own particles, as the plant or the 
animal does. It can be changed only by external addition, 
or by external diminution, through Uie influence of agents 
' acting upon its surface. 

10. Reproduction. — With the constant changes 
going on in organic nature, there is constant succeseion. 

vritli the term alimfiiitajy canal. It is nsed lu this Bense, also, when, 
SB in the preseiit case, tt Is referred to in a comparimQ between unimala 

and Tegetabtes. 
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Plants and animalB produce other plants and animals, and 
themselves die, making room for their successors. But the 
crystal does not form other crystals, and then cromble into 
dast. In itself it is both unchangeable and unproductive. 

11, Observations of Change and Ferma- 
nency, — This distinction betveen organized and unor- 
ganized substances, in relation to change and euccessiou, 
meets the eye everywhere. The moontaiiis, the rocks, and 
even the stones under oar feet, remain the same year after 
year, while all vegetable and auim^ life is ever changing 
its forms and manifestationa. There are the changes of 
growth, and the changes of decay and death, all aroond and 
within us ; and they are strangely mingled together. 

There is death even in the changes of life, as the waste 
particles are taken away, and are replaced by the new ; and 
life springs out of the very bosom of death, as from decayed 
nature new forms of vigor and beauty ansa The moun- 
tains stand as they have stood, as the passing generations 
have looked upon them, while the continual changes of 
vegetation have been going on upon and around them. 
T^ seasons crown their battlements with the emblems of 
their ever-returning mutations of life, decay, and death, 
and even the mighty trees, that have shed their leaves from 
year to year, in obedience to the great law of change, but 
have tiiemselves stood, at length bow their heads to the 
same law, and give place to other lords of the forest 

From the "everlasting hills," which thns remain the 
same, though change is ever about and upon them, man gets 
the unchangeable and imperishable rock to construct his 
habitation, while he himself is changeable and perishable^ 
the creature of a day, whose life is as a vapor. He wears 
the precious stones, and traflScs in the golden ores, which 
have existed from the creation of the world, through all the 
changing and dying generations, and passes away, leaving 
them to others as changeable and perishable aa himself. 

12. Forms. — Another distinction between organized 
and unorganized substances relates to the forms which they 
assume. There is regularity in both, but it is different in 
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each. Unorganized matter is disposed to arrange its puti- 
cles in straight lines, and vith angles mathematically exact. 
The tendency is to regularity; and irregularity is the 
result of interfering circnmatances. A similar disposition 
to regularity is manifest in organized substances, but in a 
different manner. They are disposed to cnrTed, rather than 
straight lines, and seldom make lines or angles vith mathe- 
matical exactness. We see this law of regularity exempli- 
fied both in animal and vegetable life. The leaf, for exam- 
ple, has the same general shape, that is, the same general 
arrangement of particles, when it attains il« faU size, that 
it had when it was email ; and the same can be said of the 
arm of the man, compared with bis arm when a child. 

13. Regularity. — This regularity is more wonderful 
in organized substances than in the unorganized, because 
it rules in them in the midst of constant change. In the 
case of the crystal, as there are no internal changes in it, 
and as each layer of it, when formed, is permanent, regu- 
larity is comparatiTely, so to speak, easily secured. But in 
the case of the leaf, as it is growing to its full size, and of 
the arm, as it grows from infancy to be the stalwart arm of 
manhood, continual change is-going on at every point ; and 
regularity here is obviously a more difficult achievement. 

This regularity appears still more wonderful, when we 
look at the infinite variety of forms in organized matter, in 
both the vegetable and the animal world. In all these forms, 
each part of every animal and of every plant maintains its 
own peculiar plan and contour. Take, for example, the leaf 
in its endless varieties. How definitely does each variety 
preserve ifa individual character, and how easily is it dis- 
tinguished from every other variety I The same can be said 
of every part of every organized being. 

14, Persistency of ^Form. — Another circumstance 
still must be mentioned, as adding to the wonderfulneas of 
this regularity. It has been scrupulously maintained, 
through all tiie changes of the world from its creation, 
when God pronounced the works of his hands to be "very 
good." The leaf of every tree, for example, is like the leaf 
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of itfl anceBtral trees back to tliat time ; and bo it will be in 
aU ita fluccessorB to the end of the world. " Tho trees of the 
garden," which delighted the eyes of our first jmrents, and 
refreshed them with their shade in their innocence, and 
amid which after their sin they hid themselves from the 
presence of their Maker, undoubtedly had the same charac- 
teristic shapes, and the same leayea and flowers which their 
BnccessoFS present to our eyes. 

IS. Variety of Form. — Again, it is interesting to 
notice that, in the midst of this regularity, bo strictly main- 
tiuned in each specific form from age to age, there is a 
measure of irregularity allowod. While each kind of tree, 
for example, has specific characteristics in the arrangements 
of branchcB and other parte, and in the shapes of its leaves, 
no two trees of the same kind are exactly alike, and there is 
always much variety in the leaves of the same kind. While 
the face of man is so entirely different from the face of 
every other animal, at the same time, among the hundreds 
of millioEB of the human family, how uncommon it is to 
find two faces that are veiy nearly alike. 

IG. Symmetry of Salves. — In the animal world, we 
see remarkable examples of the preservation of regularity of 
form in the exact correspondence which exists so commonly 
between the two halves of the body. 

The brain has two halves, which are precisely alike, and 
the same is true of the nerves which are distributed from it. 
And so of other parts. But, mingled with this symmetri- 
cal arrangement of part«, there are other parts which are ir- 
regular in their shape. This is the case with the stomach, 
the heart, the liver, &c. There are some animalB which 
are altogether destitute of this arrangement of two similai; 
halves of the body. The oyster is a familiar example. The 
shell of this animal is strikingly in contrast, in this respect, 
with the shells of some other of the bivalve tribe, as, for 
instance, the common clam. 

17. Sise. — There is a distinction between organized and 
unorganized substances, in regard to size. The size of un- 
organized bodies has no fixed limit. A crystal or a rock 
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may grow to any imaginablG dzo, if the particles forming it 
are sufficiently abundant. But organized bodies have limits 
fixed to their growth. There is, it ia true, more or less lati- 
tude to these Umits ; but they are so well defined in the case 
of most vegetables and animals, that when growth reaches 
much beyond or below the limit, it is recognized as a re- 
markable fact. 

18. Structure and JElements. — The last distinc- 
tion, between organized and unorganized substances, which 
■will be mentioned, relates to their structure. While unor- 
ganized substances are made of one form of matter, either 
sohd or liquid, or gaseous, organized bodies are made of a 
mixture of fluids and solids. They are therefore" more or 
less soft and flexible ; vhile the solid, unorganized sub- 
stances aro hard and brittle. 

There is a Btill further difference in structure. Organized 
substances are much more compound than the unorganized- 
Most of the unorganized substances are composed of only 
two or three elements. Thus, air is composed of oxygen and 
nitrogen, water of oxygen and hydrogen ; and most of the 
mineral salts are composed of three elements^as, for ex- 
ample, carbonate of lime, or chalk, which is composed of 
oxygen, carbon, and calcium, the mineral base of lime. 

But organized substances are composed of at least three or 
four elements and sometimes more. The four principal ele- 
ments in the composition of organized bodies are, oxygen, 
nitrogen, hydrogen, and carbon. But there are other ele- 
ments introduced for special purposes. Thus, carbonate of 
lime (a combination of calcium with two of the common 
elements, carbon and oxygen,) is diffused very generally 
throughout the textures of plants, giving them firmness 
and strength. In animals of the higher orders, phosphate 
and carbonate of lime compose in part the framework of 
the body. 

"We find iron, too, in the blood. Of the sixty-fonr ele- 
mentary substances discovered in mineral bodies, only eigh- 
teen or nineteen have been found in plants and animals, 
and some of these in very small amounts. The essential 
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componento of living Bnbatanoes are the four non-metaUic 
eiementB mentioned above — oxygen, hydrogen, nitr<^n, 
and carbon ; while the bnlk of the inorganic vorld is com- 
posed of the metala and their compounds, via., the alkalies and 
the earths. And it is interesting to observe that, of the 
fonr elements which compose the balk of the animal and 
vegetable world, both the flaida and the solids, three are 
gaseous, irhile bnt one, carbon, is a solid sabstance. 



CHAPTER II. 

THE DISTINCTIONS BETWEEN ANIMALS AND PUNTS. 

Hating pointed ont the distinctions between organized 
end unorganized substances, we will now consider the dis- 
tinctions between the two classes of organized beings — 
animals and vegetables ; first noticing those differences which 
are obvious; and second, pointing out those which are 
essential. 

19. Locomotion. — One of the most obvious distinc- 
tions is in relation to locomoHo-ii. The plant remains in one 
place ; while the animal moves about, in the air, or in the 
water, or upon the surface of the earth. And the structures 
of the animal and the plant of course differ, so as to ac- 
commodate these two very different modes of existence. 

As the animal moves from place to place, it must, for 
this reason, if for no other, have an apparatus of nourish- 
ment and growth different from that of the plant. The 
plant, by means of its absorbents in the roots, takes up 
from the earth, in the form of sap, its nutrition, or food, as 
it may very properly be called. The moving about of the 
animal would in itself forbid its deriving its food directly 
fi'om the earth, even if the earth contained the proper 
materials for its nourishment. 
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So a cavity is provided in its body, called a stomach, 
into which nutritious substances can be introduced. And 
this cavity is lined with absorbents, which there do for the 
animal what the absorbents in the root^ of the plant do for 
the plant. 

20. Central Organs. — Besides the stomach, there 
are other great central organs which are peculiar to most 
animals, in distinction from vegetables — as the heart, the 
liver, the Inngs, etc. Branches and roots may be cnt off 
extensively, and even a large portion of the stem or tmnk 
may be destroyed ; and yet what remains of the plant may 
still live. Even a small portion of it may be made to take 
root and live by it^lf. It is not so with most animals. 
Mutilation can not be carried far without injuring some 
large organ which is essential to the life of the whole ; and 
no part token from its extremities can be loade in any way 
to live by itself. 

21. Sensation and Voluntary Motion. — Another 
obvious distinction is this: The higher order of animals 
are sentient and spontaneously^noving beings, while vegeta- 
bles are not. The animal feels the action of agents npon 
it, and this it can not do without conacionsness and thought. 
The evidences of the existence of consciousness and thought, 
and the consequent spontaneous motion, are verj* slight 
in some animals. We see these evidences plainly in the 
great majority of animals ; and we infer the existence of 
sensation and thought in those exceptional cases, where the 
evidences are doubtful or absent, as we find in them other 
marks of animal,in distinction from vegetable life. 

22. Exceptions. — The distinction in regard to locomo- 
tion, if we look at the animal as a whole, has its exceptions. 
There are some animals, as the coral animal and the sponge, 
that are entirely confined to one spot during all their ex- 
istence. But, while some animals are thus confined, they 
have the power of spontaneous motion in some of their 
parts, which is exercised for the purpose of obtaining food, 
and, in some cases, for the avoidance of danger. 

This power is not possessed by any plant. Some few 
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plants, 03 the Benaitive plant and the Venus'a fly-trap, 
(Dionffia muscipula,) eshibit a property which resembles it, 
but it is essentially a different thing. In these cases, the 
influence of the stimnlug that excites the motion is com- 
municated from particle to particle, from the point where 
the stimulas is applied; and the motion is only in one 
direction, and not in Tarions directions, as is the case with 
spontaneous animal motions. 

23. llltistration. — This can be very readily seen, if 
we compare the motion of the sensitiTe plant or the fly> 
trap with those of the little fresh-water polyp called the 
Hydra. This animal, of which an enlarged representation 
4s here given, and also a representation of its natural size, 
is found in ponds. It attaches itself to any floating object 
— a stick or straw, as seen in the Figure — by a kind of 
eucker. Thus supporting itself, it stretches ont its long 
arms, to take for its food any 
minute worm or insect which Pia. 1. 

may float within their reach- 
When it catches one, it directs 
it to the mouth, a, which-opens 
into the stomach or general 
cavity. Now, in doing all this, 
there is a variety, a compound 
character in the motion, which 
is in plain contrast with the 
simple motion of the leaves of 
the fly-trap and those of the 
sensitive plant. 

24:. Nervous Sj/ntem.— 
Accordingly, we find a peculiar 
structure in animals devoted to 
these functions, and others con- anmi. 

nected with them. This struc- 
ture is the nervous system. No trace of such a structure 
has ever been discovered in any plant If there were any 
true analogy between animal motion and the motions of the 
Bensitive plant and the fly-trap, we should be able to find in 
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them traces of nervona Btnicture; for the structnre of 
these plants ia uo plainly developed, that ite constituent 
pajrts are eaaily distinguished. It ia trae, also, that in some 
of the lower animals no trace of a nervous syatem is found. 
35. 2fdt Essential to HuttHtion. — The nervous 
ByBt«m is eridently not essential to nutrition, for this is as 
■well effected in the plant aa in the animal. This is accom- 
plished in both in substantially the same way. The means 
by which it is done, and its arrangements, are modified, in 
the two cases, to suit the differing circumstances. 

26. Functions of Organic Life and of Ani- 
mal Zitfe. — The nervous system is, for partienlar pur- 
poses, superadded in the animal to what is common both to 
the animal and the plant, and so constitutes the essential * 
difference between thom. And so, all the functions rela- 
ting to nutrition, which are common to plants and animals, 
are called functions of organic life. But the functions 
which are performed by the system superadded in the ani- 
mal, the chief of which are sensation and spontaneous 
motion, are termed functions of animal life. These are 
sometimes also called functions of relation, from the espe- 
cial connection which they form "between the animal and 
all that is aronnd him. 

27. Thought and Will, — These animal functions, 
sensation and spontaneous motion, imply thought and will. 
The order of action is this; sensation — thought in regard 
to it — action of the will in consequence of thought — 
then, from this action, an impression carried through 
nerves to oi^ans termed muscles — motion in them from 
their contraction. 

This order, however, is not always observed. The first 
link, sensation, may be absent. Thought, without any pre- 
ceding sensation, may prompt the will, and spontaneous 
motion results. The action of the will, too, may be left 
out, or may he in opposition. Thus, emotions may produce 
action of the muscles, the will not concurring, and perhaps 
opposing ; as when we laugh at what is ridiculous, or weep at 
what is sad, in spite of restraining efforts dictated by the will 

ciq mod t, Google 



MAX IN HIS RELATIONS TO NATURE. 13 

28> Chemical Constituents.— Ono more important 
distinctioii between aninmls and plants remains to be no- 
ticed. Organized BubBtances are composed mostly of four 
elements — oxygen, hydrogen, nitrogen and carbon. Plants 
differ from animals, in having but little nitrogen in their 
composition. It was formerly supposed that they contained 
none of this element It is found only in particular parts 
of plants, as the seeds. We may regard carbon as the moat 
characteriatic constituent of vegetables, and nitrogen of 
animals. And in this connection it is interesting to observe 
that, while carbon is lai^ely thrown off from the lungs of 
animals, in the shape of carbonic-acid gas, it is as largely 
absorbed by the leaves of planta Of this fact more par- 
ticular notice will be taken when the subject of respiration 
is reached. 



CHAPTER III. 

MAN IN HIS RELATIONS TO THE THREE KINGDOMS 
OF NATURE. 

29. Pecitliar Mndoimnenta of J!fa».— Man is 

commonly spoken of as being at the head of the animal 
kingdom, and in the book of the naturalist is made an 
order of the class termed Mammalia. As the basis of the 
whole classification is mere material organization, and has 
no reference at all to mental or spiritual endowments, the 
classification, in regard to man, is in its principle correct 

At the same time, it must be admitted, that it fails to 
recognize altogether the Rssenii'a? .distinctions between man 
and other animals. These distinctions, making, as they do, 
a wide gap — " an impassable chaam," as Professor Ouyot 
expresses it — between man and the inferior animals, are to 
be found in certain peculiar spiritual endowments which 
man possesses. 
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30. Abstract Reasoning.— On& of these endow- 
ments is the power of abstract reasoning. Other animals, 
in a certain sense, reason, that ia, they make inferences; but 
they never arriye at any general or abstract truths. 

SI. Conscience. — Another endowment ia a moral one, 
linking man in his spiritaal nature to the Deity : this is 
conscience, or the knowledge and sense of what is right, in 
distinction from what is wrong. Other animals, in obedience 
to the passions of fear and love, sometimes appear to the 
superficial observer to have an idea of what is right, as 
such ; but there is not the slightest evidence that they 
really have any such knowledge. 

32. Immortality. — The force of this view of the 
subject is enhanced, if we take into consideration the great 
fact, revealed to us by God in his Word, that man ia des- 
tined to immorlaliiy. It may be objected that, ae this fact 
is learned only by revelation, and not by observation, it is 
not to he regarded aa a scientific fact. 

But, granting that there ia truth in the objection, it cer- 
tainly is allowable to allude to the revelations of Scripture, 
as confirming or enforcing views developed by scientific ob- 
servation. The view here presented ia based upon endow- 
ments that are recognized by the scientific observer, with- 
out the aid of revelation ; and we can appeal to the revealed 
fact of man's immortality, aa adding force to this view, and 
not as being at all necessary to the establishment of its 

33. Seal Relation to the Animal Kingdom,.— 

The grand essential distinction between animals and plants 
liea, as you have seen in the last chapter, in the fact that 
animals have a nervous system. Now, with this ayatem, as 
you have also seen, appear certain mental manifeatations. 
These differ widely in different animals, and are most 
prominent in those in which this system is most prominent 
and complicated. As we trace upward these complications, 
when we come to man, we find certain mental manifesta- 
tions, which separate him by " on impassable chasm " from 
ftll other animals. 
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Till we arrive at him, the difFerence is, for the most part, 
one of degree. But in his case it is a difference of kind, 
and a very wide one. Of such a difference the naturalist 
Bhonid certainly take very distinct cognizance ; and, if it be 
not consistent for him to do so in his classification, great 
force and prominence should be given to these views in his 
instructions on this subject. As the superadding of the 
nervous system separates the animal from the plant, so, 
also, as ft-ofessor Guyot very justly maintains, the super- 
adding of such endowments as we find in man separates 
him, by a chasm quite as " impassable," from other ani- 
mala 

34:. The Band of Man, — The distinction commonly 
received aa the ground of clasaification for man, is a trivial, 
perhaps a questionable one. He is said to have two hands, 
and so makes the order Bimana; while apes and monkeys 
are said to have four hands, and are, therefore, considered 
as making the order Quadrumano. 

Now, if we observe carefully and fully the wonderful en- 
dowments of the human hand, wo shall hardly be willing to 
allow that the monkey haa four such members. With a full 
view of the capabilities of the human hand, that of the 
monkey can not be considered ae a hand, but ea a member 
possessing some of the properties of both hand and foot. 

Hands are given to these animals to enable them to climb 
with facility, and to grasp their food ; but they have none 
of that great variety of motion, which is so striking a pe- 
culiarity of the hand of intelligent man. The ground upon 
which they are said to have four hands is that which is thus 
stated by Cuvier. "That which constitutes the hand, 
properly so called, is the faculty of opposing the thumb to 
the other fingers, so as to seize upon the most minute ob- 
jects." No animal besides man has this arrangement, ex- 
cept the Quadrumana. It is claimed, therefore, that they 
have hands, although they are very imperfect when com- 
pared with the hand of man. The imperfection is indeed 
80 great, as to make na at least reluctant to admit the claim 
set np by the naturalist. 
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35- Views of J>r. Carpenter.— "WhiiB," says Car- 
penter, " the thnmb in the haman hand can be brought 
into exact opposition to the extremities of all the fingers, 
irhether singly or in combination, in those Quadmmana 
vhieh most nearly approach man, the thumb is so short, 
and the fingers bo much elongated, that their tips can 
scarcely be brought into opposition, and the thumb and fin- 
gers are so weak, that they can never be opposed to each 
other with any degree of force. Hence, although admirably 
adapted for clinging round bodies of a certain size, such as 
the small branches of trees, Stc^ the extremities of the Quad- 
rumana can never seize any minnte object with such pre- 
cision, nor support large ones with snch firmness, as are 
esaential to the dextrous performance of operations for 
which the hand is admirably adapted." 

36, Chin, Erect Posture, Man's Weeping and 
Jjauff fling. — Man's structure differs in many respects from 
that of the inferior animals. It wonld make this chapter too 
long to point out all the diSerences. As an example of the 
latter, no animal but man has a chin. Every other animal 
has its lower jaw retreating from the teeth, instead of pro- 
jecting forward below, as in man. 

One of the most important and striking peculiarities of 
man's stmcture is that general arrangement which enables 
him to be in the erect posture. No other animal naturally 
assumes this posture, or is able to maintain it for any length 
of time ; and most animals assume one which is eritirely the 
opposite of this. Even the monkey, when taught by man 
to stand and walk, is by no means erect, but his lower limbs 
are crooked, and the moment that he escapes the necessity 
of being an imitator, he is on all fours. 

There is a distinction of an interesting charactfir, which 
concerns both the nervous and muscular systems. It is this, 
that no animal but man can shed tears, or perform those 
muscular motions which are necessary to, the acts of weep- 
ing and laughing. In view of this marked -distinction, man 
has sometimes been designated as " a laughing and crying 
animal." 
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37. Tlie Essential Distinctions.— Bat the great 
eseential distinctions, to which all the rest are really 
tribatary, are, as has been 8tat«d, of a mental or spirituid 
character. And these should alwaje be made pecaliarly 
prominent, whenever the distinctions between man and the 
inferior animals are treated of by the natnralist; This 
should be done, not only becanse they are essential, hnt also 
becanse all other distinctioDB are sabordinate and tribntary 
to them. It is the mental pecnliarities of man, for the most 
part at least, that render necessary those pecnliarities which 
distrngnish hJH organization from that of other n n'Tl^^^'^ 



CHAPTER IV. 
BONES. 

38* Structure of Softea,— From the oBseona or 
bony tissue, the solid part of the framework of the body is 
made. Bone is composed in part of animal matter, and in 
part of mineraL The mineral part is mostly phosphate of 
lime. These two parts of bone are in difFerent proportioaa 
to each other in the different periods of lite, 

39. Mineral Matter. — The mineral part in the 
child is about one half of the bone; in the adult, four- 
fifths ; and in the old, seven-eighths. Bones are, therefore, 
very brittle in old age, while they are somewhat yielding in 
childhood. The mineral and the animal portions of bone 
can be separated from each other. If a bone be put into 
dilnted muriatic acid, the mineral part will, after a time 
become united with the acid, and the animal part will be 
left, having the perfect shape of the bone. Thus separated 
from the mineral part, it is so flexible, that it can be tied 
into a knot. On the other hand, by subjecting a bone for 
some time to the action of heat, the animal pari^ can be re- 
moved, and the mineral part be left by itself. 
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40. Animal Matter. — The animal part of bone is 
cartilage, or gristle. This part is formed first, constitflting 
a sort of mold, in which the bone is to be formed. The 
mineral matter is gradually deposited in the cells of the 
cartilage. In the very yonng child, you can see that this 
process ia not completed, especially if you observe the bones 
of the head. The bones are not united together, as they 
are in the adalt, and there is^so little of mineral matter 
near their edges, that they can be bent with a very slight pres- 
snre. The proportion of mineral matter which is deposited 
in the cartilaginons bones raries much in different animals. 
In many fishes, there is almost none of this deposit, the 
skeleton retaining its cartilaginous character throughout 
life. 

4:1, Cartilages. — Besides the cartilaginbua portion of 
bones, there are cartilages which are destined to remain so, 
instead of having mineral deposits made in their cells. 
The ends of the bones are tipped with them. They are 
placed between the bones of the spinal column. They also 
form the connecting hnka between the breast-bone and the 
ribs. Cartilage constitutes the body of the outer ear, of 
the eyelids, and of the lower part of the nose. The trans- 
parent part of the eye is formed of cartilage. This sub- 
stance is placed wherever firmness and tenacity are required 
without hardness. 

42> Function of Bones.— The bones furnish the 
points of support and attachment for the muscles which 
move the difEerent parts of the body. They are, therefore, 
the passive instruments of locomotion. They are united 
together by ligaments of various degrees of strength, ac- 
cording to the necessity of the case. 

The bones, forming the framework of the body, not only 
furnish points of support and attachment to the muscles, 
but in many cases serve to defend important organs from 
injury. Thus, the soft brain ia thoroughly secured from 
harm by being inclosed in the skull ; and the lungs are sur- 
rounded by walls of bone so arranged that, while they 
defend the lungs from external violence, they secure a 
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vide raage of motion for the necessary expansion of these 
organs. 

43. Structure of Bones.— There are some points 
of interest in relation to the gtructure of bone and its 
growth. It has been stated that bone is generally formed 
in cartilage, the cartilage being formed first as a mold for 
the bone. Bone is deposited in two forma, solid and cellu- 
lar. In the flat bones, as in the aknll, the cellalar stmc- 
tnre lies between two plates of solid bona In the long 
bones the cellular part is at the two ends, and is covered 
with a thin plate of solid bone, while the shaft ia a hollow 
tnbe with the bone very mncb condensed. This arrange- 
ment is seen in Fig. S, representing 

the thigh-bone and the bone of the Fia. 2. 

arm. 

44. Hollow Cylinders. — 
Certain well known mechanical prin- 
ciples are observed in this arrange- 
ment. The bone would be nnneces- 

sarily heavy if it were solid through- I 

out. Lightness in a moving limb is 

of considerable importance. At the 

same time strength is to be carefully 

provided for in a bone which is to 

sustain the weight of the body, and 

to which the large muscles of the 

thigh are attached. By having the 

bone hollow, both of these objects, 

lightness and flrmneas, are secured. 

The principles involved are recog- 
nized by the architect in the con- 
struction ot pillara, and we see them k 
exemplified in the hollow stalks of w 
plants. The hollow pillar has more 
strength than the same quantity of 
matter would have if in one compact 
mass ; and the stalk which supports 
the full clusters of grain, would break nnder its load ae it 
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moves back and forth in the wind, if it were Bolid instead of 
being hollow. 

But the round cavity of the shaft of the bone does not 
extend to the ends. These are necessarily Urge, in order to 
present broad surfaces for articulation with the neighboring 
bones ; and strength and lightness are secured in this case 
by a cellular arrangement of tho/'body matter, the outer 
plate of solid bone being conparatively thin. There is 
obvionsly more firmness in the resistance to shocks or pres- 
sure, secured iu this way, than there would be if the bony 
matter were all consolidated into a shell containing a cavity. 

The round canal in the shaft and the cellular structure 
at the ends are filled with an oily substance called marrow. 
This, like all other fatty substances, is contained in fat-ceUs. 
The marrow is also present in the cellular structure be- 
tween the plates of the fiat bones. The cavities and the 
cells in bones have blood-vessels, branches of arteries 
and veins that enter the body of the bone at some particu- 
lar points, in the long ones, near the middle of the shaft. 

43. Covering of the Hones. — It is from these blood- 
vessels, together with those that come from the membrane 
investing the bone, caXXeA po'iosteum, that the bone is nour- 
ished. But, although an artery runs through the body of 
the bone, to branch out upon the walls of its cavity, none 
of its branches enter the very substance of the bone. 

4(i. Growth of Bone. — The manner in which ma- 
terial is carried to every point of the solid bone has been 
developed by the aid of the microscope. If we cut across 
the solid portion of bone, and examine it vrith a micro- 
scope, we see here and there orifices of certain minnte 
camds that run lengthwise of the bone. 

These canals are found to communicate with the cavity 
of the bone and receive therefore blood, or some of the con- 
stituente of the blood, from the blood-vessels which are 
situated there. These orifices, as seen under the microscope, 
are represented in Pig. 3. Around these orifices a a, you 
see httle dark spots arranged in rings, with lines running 
to them from the orifices. By magnifying the aeotion of 
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bone etill more, we see what these spota and lines are. The 
dark spots are small cavities, and the lines are minnte tubes 
running to them. In Fig. 4 19 a representation of this ar- 
rangement as seen in a little portion of the scotioQ of bone, 
more highly magnified than it is in Fig. 3. The tubes pass 
Fio. 8. 



out from the canals to the rows of carities which are arouad 
the canals, and thus a circulation is kept up at every point 
of the solid bone. It is supposed that the blood itself does 
not circulate in these little channels and cavities in the 
solid bone, but a fluid containing the constituents of bone. 
For these channels are too small even to admit the cells 
which the microscope shows us swimming in the blood. 
The fluid that circulates iu them is selected from the blood, 
which is' contained in the blood-vessels in the cavity of the 
bone, and in the periosteum that envelopeB it. 

47. Bones not Sensitive. — It is a very common 
popular notion, that the bones are endowed with great sen- 
sibility, and especially the central part, the marrow. But 
they have in their healthy state no perceptible senBibility, 
and the sawing of the bone in amputation occasions no 
suffering. When, however, a bone becomes inflamed, severe 
pain is one of the symptoms. If it were not so, disease 
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VBOirr TIBW OF THE SKELETON. 



Fie. 5. 

The Skeleton coosistB ol 
SOI bones. In tUs enumera- 
tion tlie teeth, the h^oid 
bone, and the bones of thfi 
ear are not inctnded. Cert^n 
bones in the entares of the 
head, and in some of the 
joints, which, though gen- 
etaHy present, are not re- 
garded Bs esBeutial parts 
of the framework, are also 
omitted. 

lAIES ilD OASSinGinOI OF 



a Tbe frouUl bone, . . 
A Tbe parleUU bonss, . . 
« Ocdpltal bone, (Fig. 6) 
e Tlia lemponil home, 
t Tbe spbeuoid bone, 
t Tbs Btbmold bone, . 
t The nasal bones, . 
t The lacbrynul bonee, 
/ Tbe apper nunlUnry 



g The mater bonca, . 
t The palatino bones, 
t The lower epongy 



The bones whoso n 
miirked t cannot b 
InlbeOeH- 
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BACK ?IEW OF THE 8KELBT0K. 



/ ThB vertebne, . 

o The sternnm, ■ 

V The ribs, . . 

!. in The mn Iddo- 

/ Ttaa ncmm, . 
Jt TheeoccTZ. . 



1 The icipnb, . ' 

g Tbo cbiTlclB . 

s. V The boimnii, . '. 

V Tbaobu, . . 

( The ndlae, . . ! 
d' The euTol 

f The metacarpal 
bonee, . . . li 

ef The phalanges. 18 ' 



# TbetemDr, . . 
C The Ubia, . . 
J" Tbellbnl*, . . 
If The t«ten>i ' - 
g' The taraal bones, 
*' Themetatarnal . 
V Thephalanfea, 
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might go on to prodnce disastrons results in a part ho 
covered np by others, without any warning of the danger 
of the case. 

48. Shape and Place ofSone8.—The bones are of 
every variety of shape, to suit the various oflQcea which they 
are to fnlfilL You will see this to be true, as yon cast your 
eye over the skeleton as represented in Fig. 5. You first 
ohserve the somewhat round box of bonea, which contains 
the brain, and at the same time furnishes sockets for the 
eyes, extended irregular sarfaces for the apparatus of smell- 
ing, and for that of the taste, a place for the organs of hear- 
ing, and at its lower part, in connection with the lower jaw, 
a mill for grinding the food. Then yon observe the many 
bones of the thorax or chest, containing and protecting the 
heart and the lungs. 

49. Spinal Column. — The spinal column, f, com- 
posed of twenty-four bones, you see as a firm bat movable 
pillar, extending the whole length of the body, and having 
its base firmly planted upon that stout thick hone, the 
sacrum, which is wedged in so tightly like the key-stone of 
an arch, between the broad spreading bones on either side. 
To ibis pillar are strongly fastened the walls of the chest ; 
and from the cheat thus supported by the spine hang the 
lax front and lateral walls of the abdomen. 

50. IPelvis. — Then below you see the pelvis, as it is 
called, — a set of large bones so arranged in a bowl-form, as 
to offer a broad surface of support to the contents of the 
abdomen. The bone called the ilium, m and I, on either 
side, with its flaring upper surface, is especially serviceable 
in this way. The pelvis also furnishes a socket for the 
round head of 'the thigh bone s, and points of attachment 
for the large muscles that move the lower extremity. 

51. Bones of the Lower Extremiti/. — Observe 
the large bones of the thigh and leg, intended to give firm- 
ness to the lower extremity, and the lighter bones of the 
arm and forearm, fitted for extent and quickness of motion. 
Finally notice the nnmerous bones which enter into the 
structure of the hand and the foot. These bones, together 
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with the intervening cartilages, give them great ehisticity 
and variety of motion. 

We notice with some particularity some of the bones, of 
■which has been given a general description, as they are 
united together to form the whole skeleton. We can not 
notice them all, nor dwell upon every point of interest, for 
this would require much more space than can be devoted 
to the subject. We therefore select those points which can 
be made most clear and iutereeting. 

52' Sfeull. — >Your attention is first called to the bones 
of the head, as you see them in Fig. 6. There are twenty- 
two bones in the whole head. Fourteen of these belong to 
the face, while eight belong to the cranium ; that is, that 
part of the skull which incloses the brain. Of these, no- 
tice particularly the large bone in front called the frontal 
bone, a, making the forehead, and below forming the upper 
portion of the orbits of the eyes ; the parietal bone, J, the 



BOITBS OF TOE HEAD. 



Upper lateral part of the dome of the skull ; and c the tem- 
poral bone on which the parietal bone rests. There is alarge 
bone in the rear forming the back of the cranium as the 
frontal bone does tho front There are also two bones in 
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the base of the craniam which are out of sight in thiB viev 
of the BkulL You may, perhaps, be disposed to inquire why 
this box for holding the brain, should be made of so many 
bones. 

One reason is, that the enlargement of the skull from 
infancy to adult a^ is effected more easily and better than 
it would be if the craniam were one bone. Another reason 
IB, that even in the adult, in whom these bones are at length 
80 tightly united, violence is less apt to produce injury, 
from the giving, as it is expressed, of the bones upon each 
other, than it would be if one bone made the whole stroo- 
ture. And this is especially true of the child, in whom the 
bones are very imperfectly united. Hence it is that the 
frequent falls of children ttpon their heads sd seldom do 
any injury, 

S3. Stntcture ti/nd Vnion of the Skull Bones. 
— The principal bones of the head are composed of two 
solid plates, while the bony matter between these plates is 
arran^ in a cellular or sponge-like form. The outer taile 
or plate (for both of these terms are used in relation to it) is 
rather rongh, and in some parts has ridges for the attach- 
ment of muscles. But the inner plate is very smooth 
on account of the soft delicate organ that is contained in 
the cranium. It is so brittle that it has been called the 
vitreous table, from its resemblance to glass in this respect. 

The modes of the joining of the bones differ in the two 
tables. In the outer table the joining is by a minute dove' 
taiUng, called a suture. Numerous little projections from 
one bone fit accurately into corresponding spaces in the 
edge of the other. This is very well represented in Pig. 7. 
in which you see the sutures on the top of the skull ; h be- 
ing the suture which is formed between the two parietal 
bones ; a, a, that between the parietal and the frontal bone in 
front ; and c c, that between the parietal and the bone which 
forms the back of the cranium.. A better joining for bones 
of such a shape as these have, can not be conceived ol But 
the inner table is joined differently. It is so brittle that 
the small projections of the dovetailing mode of joining 
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would not answer here, for they would break very easily. 
The joining accordingly is in this case by smooth accurately 
fitted edges, somewhat beveled, so that one slightly overlaps 
the other. 

The upper part of the cranium is iu the shape of a dome, 
and is coastructed upon the same principles aa such stmc- 




BTBUCTUKEB IN THE 



tnrea are as regards reaiatance to preaaure or violence. As 
in domes that are built by man so in this dome of the 
cranium, great strength Is secnred around the lower part, so 
as to resist outward lateral pressure. In the dome of St. 
Paul's there is a doable iron chain around its base for this 
purpose, of course concealed ^om view. In the head of man 
the dome maybe considered as composed of the frontal bone 
in front, the parietal bones at the side, and the occipital bone 
in the rear. In front, the base of the dome is strongly forti- 
fied, in the heavy arches that form the upper part of the 
sockets of the eyes, and on the jutting edges of which are 
the eyebrows. In the rear the t«se of the occipital bone is 
very thick, and is fortified with ridges which furnish attach- 
ment to the large muscles in the back of the neck. 
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But the most marked and interesting contnTance for the 
strengthening of the base of this dome ib at the side. It is 
where the parietal bone h, as seen in Fig. 6, is joined by the 
temporal, c. The joining here is not by sutare, for that 
would afford no resistance to lateral pressure, either out- 
ward or inward. To secure this object, the lower bone, 
the temporal, laps over the upper, the parietal, with a bev- 
eled edge. It abnts upon or against it It haa the relation 
to the parietal of a buttress to an arch. 

When great pressure is made on the top of the head, as 
when a heavy load ia carried there, there must be a ten- 
dency to outward lateral pressure at the base of tho dome 
of the cranium. This pressure is eflEectually resisted by the 
temporal bones acting as buttresses. The same thing ia 
true, also, when a blow is inflicted on the top of the head. 
And if a blow be received at the aide of the head, on the 
temporal bone, it is evident that the bones will not be so 
apt to be fractured and pressed inward upon the brain, as 
they would be, if they were united by suture. 

54- Protection to the Brain, — You are now pre- 
pared to see, to what extent the brain is guarded against 
the efEecta of violence inflicted upon the head. These 
effects come either from fracture of the bones, or from 
concussion without fracture. In either case the vibration 
of the parts -concerned is tho cause of these effects. Tho 
guards of the brain defend it from injury, by lessening or 
diffusing this vibration. And it is ki be observed, that 
when vibration passes from one texture to another, it loses 
some of its force in the change. 

No two sabstaneea vibrate just alike ; and when a vibra- 
tion in one is communicated to another, it is modified, and 
is therefore lessened. Some substances modify and lessen 
• vibrations communicated to them more than others do. If 
you apply these principles to the effects of violence on the 
head, you at once see that the brain would be much more 
apt to receive a dangerous shock frem the vibration occa- . 
sioned by a blow, if its coverings were condensed into one firm 
and thick layer of substance, than it is now. So aJso, if the 
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bones of the head irere in one solid layer, instead of having 
two layers, or plates, with the spongy stmcture between, 
and the integnments were all consolidated into one thick 
substance, there would be mach more liabili^ to fractore 
than there is with the present arrangement. 

Observe now how many, and how varionB are the textores, 
through which the vibration of a blow mast paas, before it 
reaches the brain. Onteide of the bono there is first the 
hair ; next comes the skin ; then there is the cellular mem- 
brane containing some fat; then a mnscalar coat; and 
lastly, the lining membrane over the anrface of the bone. 
These various textures must deaden very much the force -of 
a blow, and especially the enter cushion of hair, and those 
inner cushions, as we may call them, of fatty cellular mem- 
brane and of muscle. Then, when the vibration reaches 
the bone, it is lessened by the two plates with the interven- 
ing cells, and there is diffused largely among the many 
bones that unite with the one on which the force comes. 
Then aa the shock goes into the brain, it is still farther 
lessened by the membranes which cover that organ. These 
greatly diminish the vibration, precisely aa a coating of 
leather on the Inside of a bell would deaden its vibration 
when produced by a blow upon the outside. With all these 
provisions the result is, that comparatively few of the blows 
received by the head do harm. 

5S, Protection at Particular Points, — There 
are some especial guards at particnlarpoints in the cranium, 
where there is much liability to exposure to violence. 
Thus, as the lower part of the frontal bone, where the eye- 
brows are, is especially exposed, the distance from the sur- 
face to the brain is made considerable by an intervening 
chamber in the bone, called the frontal sinus. This sinus, 
which varies much in size in different individuals, is lined 
with a membrane, and communicates with the nose. You 
can see that this arrangement is a great protection to the 
bone at that point The outer plate could be broken, and 
the inner remain uninjured. 

But the protection which this arrai^;ement affordi, is not 
Google 
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confined to that single point ; it serves also to deaden the 
vibration of a blow received by any part of the forehead, or 
by the forehead as a virhole. The side of the head, too, ia 
peculiarly exposed to blowa And, therefore, the skull ia 
pecuUarly guarded at this point Beside the overlapping 
of the temporal bone upon the parietal, to which allusion 
has been made, the parietal bone is made thicker at its 
lower part, where it is most liable to bo struck, than it is in 
most of the other parts of it. 

Then, too, the place of joining of the temporal and parie- 
tal bones is covered over by a thick muscle, the contractions 
of which you can feel if you press your fingers upon the 
temple while moving the lower jaw aa in eating. This 
cushion of muscle ia of great use in breaking the force of a 
blow received in that quarter. 

56. Protection of Organs. — The cranium not only 
contains and protects the brain, but it at the same time 
serves various other purposes, and protects other important 
organs. The tender and delicate eye has there a bony socket 
with jutting prominences fH around it, to guard it against 
violence. The exceedingly minute and complicated appa- 
ratus of the hearing is also carefully protected by the skull, 
and the moat important part of it is furnished with wind- 
ing and intricate apartments, halls of audience, in that part 
of the temporal bone which is so hard, that it ia called the 
petrous or rock-like bone. To the bones of the cranium 
are attached in Tarious ways,, the fourteen bones of the 
face. All these, with the exception of the lower jaw, are 
immovable. The two principal of them are the upper jaw 
bone, and the cheek bone. The former makes with its 
mate of the other side the forward portion of the roof of 
the month, the palate bones making its re^ portion ; and 
it furnishes the sockets for the teeth. It also at its upper 
part makes nearly the whole of the floor of the orbit of 
the eye. 

The cheek-bone forms the outer lateral part of the 
socket of the eye, and sending back a process or projection 
to unite with one from the temporal bone, c. Fig. 6, forms 
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the zygoma or arch, inside of which the temper^ mnscle 
paaaes down to be f aatened to the lower jaw. The bones of 
the nose make quite a complicated series of cavities, for the 
purpose of presenting, in the mncons membrane, which 
Imea them, a large surface, over which the nerve of smell 
is expanded. 

A representation of these cavities is given in Fig. 8; in 
which a is the mouth ; h, the 
opening into the nostril ; d, a Pie. 8. 

part of the base of the skull ;e, m g l i 

the communication of the nos- 
tril with the back of the throat ; 
e, the curtain of the palate ; I, 
the frontal sinus; m, another 
large sinus; g, i. A, spongy 
bones projecting into the cavity 
of the nostril. There is a large 
einns, that is not seen in this 
figure, which lies over the teeth ' " 

in the jaw-bone. The different isssa. boabs of the nose. 
sinuses are lined with the mu- 
cous membrane extending into them from the nose. 

These, with the spongy bones, make a very large extent of 
snrface in the cavities devoted to the sense of smell. The 
branches of the nerves of smell enter these cavities, to be 
distributed over thin walls, through many small openings 
in a bone in the roof of the nose, giving it a sieve-like 
appearance. 

The lower jaw is a bone shaped something like a horse- 
shoe, with its ends turned considerably upward. It has 
two smooth projecting surfaces which articulate with two 
corresponding shallow cavities in the temporal bone. Ita 
prominence at the lower part in front, the chin, is peculiar 
to inan, there being no such prominence in any other ani- 
mal. The lower jaw has sockets for the teeth, and it is so 
constructed, and is bo provided with muscles, that these 
teeth can be brought \a bear against the teeth of the upper 
jaw in cutting and grinding motions. 
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37. The Teeth. — The teeth are very nearly like the 
other bones in their atractnre, but differ from them in aome 
particulars. Every tooth has in it three distinct structures, 
which differ in hardness, for reasons which will appear clear 
to you as we proceed. The dentine or ivory constitutes the 
body both of the tooth and of its fangs. In the body of the 
tooth there is a coating of that very hard substance, the 
enamel, over the whole sniface of the ivory. This is 
thickest over the top of the tooth, and grova thinner on the 
aides till it ia entirely gone whore the gum begins. The 
ivory in the fangs has a coating of a very different character, 
called the cementum. It is not hard like the enamel This 
arrangement is repreaented in Fig. 9. This ia a tooth with 
two iangB or roots; 1, is the enamel; 3, the dentine or 
ivory; 3 and 1, the oemeutum; 4, an unnatural enlarge- 
ment of the cementum, making an 
Pio. fl. excrescence ; 5, the eaviiy of the tooth 

Bupphed with blood-veaaels and nerves 
which come through the channels 
that you see running up the middle 
of each fang. 

This cavity is uialogous to that 
which is found in the shafts of the 
long bones as seen in Fig. % The 
ivory and the cementum are seen by 
the microscope to be very different 
texturea. The ivory is traversed by 
innumerable branching tubes nm- 
ning from within outward towards the 
cementum, as represented in Fig. 10. 
This is a section of a small portion of 
the dentine and cementum in the 
fang of a tooth, very much magnified, 
a, a, being the dentine, and c, c, the cementum, evidently a 
different structare. 

S8. Difference between Sanea and Teeth.— A 
tooth differs from a common bone in one important par- 
ticular — ^when once formed it is never altered in its size. A 
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bone grows with the growth of the other parts of the body ; 
but A tooth, when it first protrades through the gam, is as 
large as it ever will be. The reason of this is, that so hard 



a sabstanoe as enamel can not be made changeable as bono 
IB. Its harduees ie inconsistent with anything like circn- 
lation in it, and withoat circnlation there can be no change. 

If the enamel were not needed, and the teeth conld be 
composed only of dentine, they could grow as other bonea 
do. And if they could grow, one set of teeth might be 
made to answer the pnrpose. As it is, the second set are 
needed, because as the jaws grow, the first set are neither 
large enough in proportion to the size of the jaws, nor 
numerous enough to fill up the whole space. If the first 
set were to be the only set, when the jaws became of their 
fall size, the teeth would be altogether too small, and wonld 
be quite separated from each other. Twenty small teeth (the 
number of the first set) in the jaws of an adult, in place of 
the thirty-two large teeth of the second set, would present 
a very odd appearance, besides being incapable of doing the 
service required of them. 

S9. Bones not belonffing to the Natural Skel- 
eton, — Under the lower jaw is a little bone, called from its 
resemblance to the Greek letter v, the hj/oid or u-Hke bone. 
Its round end is towards the root of the tongue, and its 
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two &ee ends reach backward towards the spine. The 
larynx ia suspended from it as from a frame, and the mns- 
cles that draw ap this bone, draw up the larynx with it 
It is one of the few bones in ttie body not directly connected 
with any other bone. The patella, or kneepan, is one of 
these bones. Also the four little bones in the ear, are not 
connected with any other bone. 

60. The S^ne considered as a Single Piece, 
— Pass now to the bones of the trunk of the body. Let us 
first consider the spinal column, or the backbone, as it ia 
called in common language, aa if it were all one bone. In 
some respects it does act aa one, although it is made 
up of twenty-fonr distinct bones. It ia the great pillar of 
the body. Aa such, it has the head resting on its top, and 
it fumiahea support for the walls of the chest, and for the 
mtisoles which make up the most of the walls of the abdo- 
men. To it also OK fastened the mass of intestines iu the 
abdomen, and indeed to some ext«nt all the viacera both of 
the abdomen and the thorax. Sustaining, therefore, so 
much weight in so many ways, it stands firmly planted on 
its great pedestal, the strong broad bone of the pelria, the 
aacrum. 

And this pedestal ia supported, as before said, after the 
manner of a keystone, between the lighter spreading bonea 
of the pelvis on either side. But while the spinal column 
acts aa a strong and firmly supported pillar, it ia necessary 
that it should be fiexible for the different motions of the 
body. It is therefore composed of twenty-four bones called 
the vertehree, so that, as in any considerable motion of the 
column aa a whole, there ia but little motion between any 
t;wo of them, the motion does not interfere with ita office 
as a firm pillar. It ia moat free in its uppermost part, 
the neck ; considerably so in its lower part, the small of 
the back; and it is least free in that part to which the 
ribs are joined. 

You readily see the reasons for this difference in motion 
in difierent parts of the column. For the varied motions 
of tjie head there ia need of a free moTement of the verto- 
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bne. Then for the twisting and taming motions of the 
body, you have the free movement at the lower part of the 
colmnn, which is eaaily provided for there, because there 
are attached to that portion of it nothing but parts that 
are pliable. It is not so with that portion of it that forma 
the supporting pillar of the framework of the chest. There 
IB little motion here of the vertebne, because the joining of 
the ribs to the column forbids it 

But besides serving as a firm pillar, and aa a flexible 
chain, the spinal column also forms a canal or tube in which 
the spinal marrow, one of the most delicate and important 
organs in the body, is securely lodged. This canal extends 
Uirough its whole length, and from the spinal marrow in- 
cluded in this canal, nerves pass out to all parts of the 
body. 

01. Vertebrm and their Union. — In Kg. 11, you 
see a representation of one of the vertebrse ; a, being the 




A BIDK VIEW OF A VKBTBBBA. 



body of the bone ; h, the hole which forms this vertebra's 
part of the canal for the spinal marrow ; and c, the spinons 
process. It is these spinous processes that make the row 
of projecting points seen down the length of the back. 
There are six other processes, only four of which you can 
Bee in the figure. Four of these processes serve to lock the 
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vertebra with its two adjoining ones above and below, which 
they do so strongly, that there can be no dislocation of 
them without a fractnre. Fig. 13 gives a side view of a 
vertebra. 
Strong ligaments bind these bones together, and there we 
very numerous muscles attached to the 
processes, so that this jagged column o( 
bones is very thoroughly enveloped ft' 
softer snbstancea ' 

G2. Spinal Cord.— In Fig. 13, ytfu 
see the whole spinal column with the 
sacrom on which it stands. It is laid open 
by a vertical section dividing it into two 
halves, so as to show the manner in which 
the bones form the tube that contains the 
spinal marrow. The darkly shaded strip 
through the length of the figure repre- 
sents this tube. It extends, you see, dowu 
beyond the limits of the column Itself 
through the sacrum. It is bounded in 
front by the bodies of the vertebrae repre- 
sented as eawed through from front to rear, 
and by the spinous processes behind also 
sawed in the same way. In this canal you 
see there is a row of little openings, ar- 
ranged just behind the bodies of the ver- 
tebrae. Through these openings, each of 
which is between two of the vertebrsB^ the 
nervesgooutfromthe spinalmarrow. The 
arrangement is sneh, that the nerves are 
very securely guarded against the hazard 
of pressure in the movements of the ver- 
tebne upon each other. 
63. Intervertebral Cartilages. — 
You see also that there are spaces between the bodies of all 
the vertebrae. These are filled with cartilages, which vary 
ia thickness in different parts of the column, from one- 
quarter to three-quarters of an inch, being thickest in the 
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lower part of the back, wbere the backward and forward 
motioQ of the vertebne npoo each other is the greateet. 

Each cartilage is firmlj fastened to the two vertebne, 
between which it is eitnated, hy the rough snr&ce of the 
body of the bone which you see represented in Fig. 11. 
This arrangement of cartilages is an important provision 
for the motion of the spinal column. Itcontribntcs greatly to 
its flexibility. When yon stoop forward, all the cartilages 
are compressed, and when you riee up they return to their 
usual size by their elasticity. And besides this, they serre 
to diminish any shock which might otherwise be trans- 
mitted through the column of bones to the head with too 
great force. There is another guard against the iujurioas 
trauamiseion of shocks to tbe brain, in the shape of the 
spinal column, the twenty-four bones being arranged, not in 
a straight line, but in a double curve. 

The vibration, communicated apwiffd through the spinal 
column, is thus not only lessened by the elasticity of the 
cartilages, bat is also distributed in different directious by 
the Gurred arrangement of the bones. If the column had 
been made straight, the head would be suhjcct to frequent 
jars in the movements of the body, which would he disagree- 
able and often injurious. 

64. Different Objects in the Arrangentent of 
the Spinal Column. — You have thus seen how three 
difl'erent objects, apparently incompatible With each other, 
are accomplished in tbe arrangement of the spinal colnmu. 
To put twenty-foar bonefi together in such a way, that they 
shall form a strong firm pillar for the whole frame, and yet 
they shall make a column or chain flexible enough for the 
Tarions motions of tbe trunk of the body, and at the same 
time provide, in this columa.a secure caual for the rod of 
nervous matter which moves all the muscles of the body, is 
to produce a piece of mechanism which far transcends any 
thing that has ever been contrived by the ingenuity of man. 

65. Arrangement of the First and Second 
VertebrtB. — There remains to be noticed one especial 
conteiTanoe in the spinal colnmo. It is at its summit, aad 
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is for the purpose of providing for the free motioDB of the 
head in various directiona, and at the aame time securing the 
spioal marrow at that part,lroin all hazard of pressure from 
these motions. 

These two objects are accomplished in this way. The 
head in moving backward and forward rocks on two smooth 
snrfkces on the first vertebra. Bat when the head moves to 
the right and left, this first vertebra moves along with the 
bead on the second vertebra. And there is a tooth-like pro- 
cess that projects np from the second vertebra inside of 
the first, around which this rotary motion is performed. 
In Fig. 14 is represented the first vertebra. J, J, are the 
two BurfaceB on which the head rests, and rocks backward 
and forward. A is the opening for the spinal marrow. L 
is the strong ligament which confines the tooth-like process 
that projects upward from the second vertebra. In Fig, 15 
is the second vertebra. P is the tooth-like process, around 
which the first vertebra rotates, carrying the skull with it 
Ton see it is smaller at its root than at its top. This 
smaller part; is bound firmly by the ligament in the first 
vertebra. It is shaped thus to prevent its slipping out from 
the ligament J, J, are the two snr&ces on which the first 
vertebra moves as it rotates around the tooth-like process. 

Fig. 16 shows the two bones together, the tooth-like pro- 
cess being confined in the ring of the upper bone. Special 
I)ains are taken to make this arrangement secure, that the 
process may not be in danger of pressing upon the spinal 
marrow at this important point It is thus that the lateral 
rotary motion of the head and the forward and backward - 
motion are secured by two joints, just as is done in the 
mounting of a telescope. The difiference between the two 
cases is, that in the mounting of the telescope there are no 
difficulties to overcome, while in arranging the mounting of 
the head, as we may term it, a peculiar contrivance and a 
nice adjustment are needed t« prevent injury of a very im- 
portant organ. It is a wonderful contrivance, by which so 
much and so varied motion can be effected in the very walla 
that contain the soft and delicate spinal marrow, without 
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injaring it Yon will ihlly appreciate this, if yon observe 
the extent and variety of the motions of the head and neck 
execnted chiefly with the two bones preyionBly described. 



Fig. is 




TOOBTHEB. 



66. Vertebree of the Bird.— In the neck of birds 
there is s contriTance of a different character, for the ar- 
rangement which answers for the motions required by mtai, 
obvionsly could not secore the very free motiooB which the 
bird exectites with its neck. As the bird bends its neck at 
each abmpt angles in all directions, a peculiar arrangemeDt 
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of the vertebrsB ia necessary, to prevent the spinal raarroT 
from being pressed upon. 

The arrangement isa simple, but effectual 
Fio. 17. one. This can be made plain to yon by the 

rongh diagram in Fig. 17. A, A, are two 
of the vertebra of the neck laid open. B is 
the spinal canal, and C is the spinal marrow. 
Yon observe that each vertebra is larger at ' 
its ends than in the middle, allowing at the 
joinings of the bones, where the motion is, 
a considerable space between the bone and 
the spinal cord. 
BFtHAL CoLmat Now if each of these bones was of eqnal 
hBWfc gize thronghont, and the spinal marrow 

• filled np the canal, you can readily see that 
when any two of these were ranch bent upon each other, there 
would be preEBnre upon the spinal cord ; and pressure would 
produce palsy, imd often destroy life. But with the simple 
arrangement above described, free motion, almost to a right- 
angle in some directiona, can be executed without pressing 
on the cord. And besides this, you can see that the cord by 
this arrangement will not be bent at an angle, as the verte- 
brse are, bnt in a curve, for the spaces in the spinal canal 
at the joinings allow of a lateral movement of the spinal 
marrow at these points. 

67. Verteltree of Quadrupeds.— In quadrupeds, as 
they have their heads suspended, instead of being supported, 
as in man, upon a column of bones, the spinous processes in 
the neck are very large, and project much, for the attach- 
ment of strong muscles which hold up the head and move it. 
There is also attached to these processes, a very stout fibrous 
ligament, commonly called ihe paxy-tcazy, to assist in sus- 
taining the head. 

68. VertebrfBOf Fishes. — In fishes the spinal column 
is so arranged as to give it great flexibility. In Fig. 18 ia rep- 
resented one of the vertebrse of a fish. If you compare it with a 
hnman vertebra, aa seen i n Fig. 1 1, you will see that it differs 
very widely from it It has no transverse or side \ 
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While the hnman vertebra has one spinous process that 
projects behind, this has two, /,/, one in front and one in 
the rear, or rather, according to the usual posi- 
tion of the fish, one above and one below. The 
body of the vertebra has a cup-like cavity on 
each side towards its neighboring vertebra. 
"When, therefore, two of these vertebra are 
joined together, their two cup-like cavities 
■ make one cavity of the shape of a double cone, 
as seen in Fig. 19. 

This is a representation of a section of a por- 
tion of the spine of a fish. The division is 
made so as to cut the vertebKB into two halves, 
and thus show these cavities. Each one of these 
contains a sac which is filled with a gelatinous fluid. This 
arrangement, which secures very 
great flexibility of the spinal ^°- ^^■ 

column, you can examine at any 
time when you have fish on the 
table. The long spinous pro- 
cesses make the broad framework 
of the animal, to which its muscles 
are attached. 

69. VertebrtB of Beptiles. 
— In reptiles there is still greater 

flexibility of the spine - than in bpihai. colouk op a fish. 
fishes. This is secured in two 

ways, by the great number of the vertebrae, and by a pecu- 
liar arrangement of them. There are three hundred and 
four vertebne in the boa-constrictor, over three hundred in 
the common ringed-snake, and over two hundred in the rattle- 
snake. The articulations of the vertebrce in reptiles are with 
a ball-and-socket arrangement The forward part of each 
vertebra has a deep cup-like depression, in which plays a 
ronnd smooth ball from the back part of the next vertebra. 
And as these joints are firmly bound together by ligaments, 
the spinal column is very strong as well as flexible. In the 
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gracefally flexible neck of the giraffe ve have tfae same 
ball-and-socket articulations of the vertebne. 

70. Bones of the Thortix. — The breastbone, which 
is flat and of simple form in man, is mnch larger and less sim- 
ple in its form in some animals. In flying birds it is not only 
broader, bnt it has a keel-shaped projection for the attach- 
ment of the large muscles used in flight. ,The clavicle, g. 
Fig. 5 (bo called &om its resemblance td a key, and com- 
monly called the collar-bone), is attached at one end to the' 
top of the breastbone, and at the other unites with a pro- 
cess of the acapnia, or shoulder-blade at the top of the 
shoulder-joint. It is a prop to the shoulder, pressing it out- 
ward; and accordingly it is large in those animals the 
movements of whose superior extremities tend to bring the 
shoulders toward each other, while it is very slender, or 
absent even, in those the tendency of whose movements is to 
keep the shoulders apart Thus in birds the drawing down 
of the wings by the strong muscles would bring the shoulders 
toward each other, were this not prevented by stout 
clavicles. Sometimes a second bone is added for the same 
purpose. 

Bnt in the horse and other similar animals, the pressure 
of the body downwards between the shoulders tends to 
separate them, and here we find the clavicle deficient be- 
cause it ia not needed. The scaptila, or shonlder-blade, is a 
thin bone with a stout raised spine or ridge running across 
it, and forming by its end the top of the shonlder-joint. It 
is situated differently &om any other bone in the body. It 
is imbedded in muscles and has a very firee motion. The 
design of this attachment is to give &«edom of motion 
to the arm. The scapula is directly connected witb the 
skeleton only hy its union with the clavicle. 

In Fig. 20 yon see the arrangement of the clavicle, scapula, 
and breastbone. C, C, are the scapuhe or shoulder-blades., 
A, is the npper part of the breastbone. B, B, are the clavicles 
fastened to the breastbone at one end, and to the shoulder- 
blade at the other end at E, which is a process of the 
shoulder-blade, making the projecting top of the shonlder- 
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joint. D, 18 another process of the shoalder which serves 
for the attachment of mnscles and ligamenta. It is called 
the coracoid process, from its resemblance to the beak of a 
crow. 

• 71. Bones of the Upper Extremities. — The 
npper extremity is divided into three parts, the arm, the 
forearm, and the hand. The arm haa but one long bone, 
the humerus, i. Fig. 5. This has a ronnd bead which moves 
in a shallow cup fomred by the ahonlder-blade. The shal- 
lowness of the socket is the cause of the frequency of disloca- 
tions of the shoulder. But if there were a deep socket like 
that which receives the head of the thigh-bone, the arm 
could not have anything like its present freedom of motion. 
Such an arrangement would involve too much of a sacrilice 
of necessary uses for the sake of security. At its lower part 
the humerus makes a hinge-joint with the forearm. 

The forearm has two bones, the radius, b, Fig. 21, and 
the ulna, a. The peculiar arrangement of these two bones 
is worthy of notice. The hinge-like motion of the forearm 
npon the arm is performed by the ubia alone. This bone has a 
beak-like process, which works over a smooth round anrfocc 
at the end of the humerus. It is the outside of this pro- 
. cess which you feel at the point of the elbow. The other 
bone, the radius, has nothing to do with this motion. This 
only rolls on the ulna in the rotary motions of the forearm. 
' But at the other end of these bones, at the wrist, the ar- 
rangement is reversed. Here, it is the radios on which the 
hand moves in a hinge-like manner, while the nlna at c rolls 
on the radius, as the radius does on the ulna at the elbow. 

You can readily see that as the radius rolls on the nlna 
at the elbow, and the nlna on the radius at the wrist, a very 
free rotary motion of the forearm is provided for. The 
combination of this motion with the motions at the wrist, 
the elbow, and the shoulder, secures that almost endless 
variety of movement, which is so striking a peculiarity of 
the npper extremity, as compared with the lower. 

The hand is divided into three parte, the carpus, p, Fig. 6, 
composed of eight small hones, the m^acarpus, q, composed 
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of bonee which are like the bones of the fingers, r. The 
eight bones of the carpas are firmly packed together, but 
they have a slight motion upon each other, and this, to- 
gether with the motion of the metacarpal bones, makes the 
hand a more easy, light, and springy iastmment than it - 
would be, 'if these bones were ^1 consolidated into one. 
The metacarpal bones are the framework of the flat part of 
the hand, and to them are joined the first row of the bones 
of the fingers. The metacarpal bone of the thnrab has a 
very free motion npon the caipns, differing in this respect 
altogether from the metacarpal bones in the body of the 
hand. The bones in the wrist and hand are boand together 
by very strong ligaments. Those which are seen in the 
palm of the hand are represented in Fig. 33. Those which 
yon see at a, b, and c bind the small bones of the wrist to- 
Fio, 33. 



gether, and also tie them strongly to the bones of the fore- 
arm, the ends of which you sec in the Figure 
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The bone at b, to vhich bo many of these ligaments are 
attached, is the prominent bone which you feel at the be- 
ginning of the palm of the hand on the side towards the 
body. The ligament g connecta this bone with the metacar- 
pal bone of the little finger. At d, d, are ligaments which 
running across the hand bind the metacarpal boues to- 
gether at their beginning. At e, e, are similar ligaments, 
where the bones of the fingers join Uiem. The bones of the 
fingers and thumb are strongly held together by lateral liga- 
ments, as seen at /, /. The various 
Fio. 23. ligaments of the wrist and hand per- 

" - mit a slight motion between the bones ; 
and thus the hand has freedom and 
ease in its motions while it is also a 
very strong and firm instmment. 

72. Bonea of the Lower Ex- 
tremities,— The lower extremities 
have some resemblance to the upper 
in their stmcture and arrangement, 
but differ from them in some import- 
ant respects. Here firmness is the 
chief object, while freedom of motion 
is the great thing to be secured in 
the upper extremities. The lower ex- 
tremities are chiefly for locomotion, 
but the upper are fitted for a vwiety 
of purposes. The body is supported 
upon the lower extremities, and there- 
fore, the thigh-bones have sockets in 
the broad flaring boues of the pelvis m 
and I, Pig. 5. In Fig. 23, is repre- 
sented a rear view of the thigh-bone. 
Its head, a, is ronnd, and fits into a 
deep socket in the pelvis. 

At S is a depression in which one end 

of a stout short ligament is fastened, 

ita other end being attached to the 

bottom of the socket. At c is the neck of the bone; at d 
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and e are two projections to which are attached large 
mnactcB to move the limb. Along the shaft of the bone, ff, 
there Is a rough ridge, h, to which mnscles are fastened ; i 
and k are two smooth sur&ces for articulation with the leg 
below. At t, Fig. 5, is the bone called the patella or knee- 
pan, which answers as a defence to the joint, and at the 
same time atTorda a mechanical advant!^ to the mnscles 
which throw the leg forward. 

These muscleB are fastened to the upper part of the patella, 
and then a connection is fonned by a strong tendon between 
ito lower part and the large bone of the leg. You see at 
once that the leg can be thrown forward with more force by 
this arrangement, than it could be if the tendon of the 
muscles passed over the front of the joint without any 
patella. 

This will be referred to again in the Chapter on the Mns- 
cles. The leg has two bones, v and u, Fig. 5 ; bnt nnlike 
those of the forearm they are constructed and arranged for 
strength, and not for freedom of motion. The foot, like 
the hand, is divided into three parts. The tarsus, a. Fig. 24, 
is that part of the foot which extends from the heel to the 
middle of the foot. It is composed of seven bones, the 
largest of which makes the body of the heel. The metatar- 
sus, b, has five long bones reaching &om the tarsus to the 



toes. The toes, c, have fourteen bones. The object of hav- 
ing 80 many bones in the body of the foot is to give a cer- 
tain springiness to it, which guards against shocks, and 
iacilitates motion. Its arched form also tends to secnrb the 
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same object In every movemeiit of the foot there is a slight 
motion between all these bones. 

Thus in walking, when the foot first touches the ground, 
it does so at the hee), as represented in Fig. 34. Then as 
the body moves forward, the fore-part of the foot is brought 
down, the weight of the body at length pressing upon the 
ground at the ball of tbe foot, b. In executing this move- 
ment, elasticity is given to the tread of the foot by the 
very slight motion which occnrs between these many bones. 
If the body of the foot were all one bone it would mani- 
festly be a very stiff and awkward afiair, and ease and grace 
in walking would be an impossibility. With such a foot we 
should not walk much better than one does with a wooden 
leg. 

7.9. Synovial Membrane. — Before leaving the sub- 
ject of the bones, your attention is called to the provision 
which is made for the easy movement of 
their joints. Tbe ends of the bones are 
tipped with cartilage, so as to afford a firm 
but smooth surfece for the motion of the 
one bone upon the other. Besides this pro- 
vision, the ends of every two bones that 
move upon each other are lined with a 
_ _ membrane, so arranired as to make a blind 

t^^^^fej This Is illustrated in Fig. 25, in which a 

and b are the ends of two bones, the sac, c, 
lying between them represented here as de- 
tached from the bone, in order that the 
arrangement may be clear to you. It is as 
if a small bladder were introduced between 
*°"'^ '" ^•^°'' the two ends of the bones, and were fast- 
ened all over the surfaces that press together. 
The inside of this sac is kept lubricated with a bland fluid 
resembling the white of egg, so that the joint may work 
easily. This fluid is secreted by the membrane itself, and 
the moving machinery of the human system may therefore 
be said to oil its own joints 
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In the knee-joint, the broad siiriacee of which are eab. 
jected to bo much presBure, there are two fiat pieces of carti- 
lage looae in the joint, which operate like fricUon-wlieels in 
lessening the friction. There is a similar provision in the 
articuLition of the lower jaw. This member doee so much 
work in talking, and Buoh heavy work in maetication, that 
each of its jointe has a movable cartilage for the diminu- 
tion of fiiction. Sometimes when the lubricating finid is 
deficient, or becomes too thick, a disagreeable crackling 
noise is produced by these cartilages in the motions of the 
jaw. 



CHAPTER V. 
THE MUSCLES. 

T4, Structure of Muscles. — Muscular substance is 
what is commonly called the Uan meal. It is of varioria- 
colore in different animals, or in the same animal at differ- / 
ent periods of life. 

Ml motion in animals is produced by muscles. They 
act by contracting or shortening the fibrils of which they 
are composed. Commonly there are tendons united with 
the mnseles. These tendons are composed of stroug white 
fibres, and have no power of contraction themselves. They 
serve merely as the cords by which the contracting muscles 
move the bones and other parts. 

73. JEach Fibril of a Muscle Supplied with a 
Nerve. — Each fibril of which the muscle is composed, is a 
chain of cells, and it is the shortening of all these chains of 
cells in a muscle that produces its contraction. The action 
of u muscle is dependent upon the nerves. Each fibril has 
a nervous fibril or tubulus, by which its connection vitli 
the braio or spinal marrow is established. And each fibril 
is in this respect probably wholly separate from every other 
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fibriL When, therefore, the mind wills that a certain 
motion shall be performed, an impression is sent to each 
fibril of every muscle engaged in that motion, throngh the 
tubalufi devoted to that fibriL When the actioa is a very 
complex one, calling into operation many muscles, a mnlti* 
tude of these impressions are communicated through a mal< 
titnde of distinct channels or tnbnli. The individual is not 
at all conscious of the compound nature of muscular action, 
and he knows nothing of the mueoles which produce any 
particular movemeat, nnlese he has slriidicd anatomy anti 
physiology. He wills the movement to talte place, and at 
once the requisite impressions are sent along the appropriate 
channels or tubuli to their destination. 

These impressions must differ in degree or intensity in 
prodocing different amonnte of motion; and they must 
differ in some cases in different parts of the same muscle, as 
some fibres are put in motion while others are. not, or as 
some act with more force than others, 

76. Tendons. — Muscles comrdonl; end in tendons, 
which, as they are vbite and diining, are quite in contrast 
with the red muscular fibres. Tbe tendons have in them- 
selves no power of contraction, but are mere passive cords. 
They have the same relation to the muscles that ropes have 
to the men that pull them. They are of various shapes, ac- 
cording to circumstances. Long and slender tendons may 
be seen on the bock of the hand in thin persons, the muscles 
that pnll them being in tbe full arm above. 

The tendons are not bounded by a distinct line where they 
join the muscles, bat tendinous and muscular fibres inter- 
twine, so that they appear to run insensibly into each other. 
Tendinous fibres also mingle in the same way with the 
fibres of bone, makiug so strong an union, that a great force 
exerted in pulling on the tendon will sooner effect a rupture 
of the tendon or the houe, than a separation of the con- 
nection between them. 

77. Strength and Sine of Tendons.— The ten- 
dons are Tery strong, being made of very condensed fibrous 
substance. The tendon of a muscle is, therefbre, much 
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smalleT than the mnacle itself. This is a circQinstance of 
much importance in the arrangement of the moring appa- 
latns of onr ftames. The bnlky muscles and the slender 
tendons are so arranged, for example, in the limbs, ae to 
giTe them both freedom of motion and beanty of form. The 
mnscles that move the fingers help to make up the fnll part 
of the arm, while their slender t«ndons occupy bnt little 
space as they play over the bones of the wrist. If there were 
no tendons, and the mnscles were extended to the {-arts 
which they moye, the hand wonld be a large cnmbrons mass, 
instead of the light and agile thing that it is now. 

78. Action of Muscles. — In the action of the 
muscles upon the bones, we have examples of the three 
kinds of levers treated of in nataral philosophy. 

79. First Kind of Xeucr.— The first kind of lever 
has the fulcrum between the weight and the power, as rep- 
resented in Fig. 36. F is the fulcrum, W the weight, and 
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P the power. You have examples of this lever, in the com- 
mon pump-handle, the beam of a pair of scales, the crowbar, 
as commonly used, Bcissors, Ac. Tou have an example of 
this form of lever in the human body, in the action of the 
muscles in moving the head back and forth ou the top of 
the spinal column. 
In this case, when the head is moved forward, the top of 
I the spine is the fulcrum, the weight to be moved is the back 
of the head, and the power is the contraction of the muscles 
that bow the bead forward. When the head is bent back- 
ward, the power is the contraction of themuBcIea behind, 
and the weight is the front part of the head. The muscles 
that move the head backward are stronger than those that 
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more it forward. It is necessary that this should be so, for 
there is more of the head in front of the point of support 
or fnlcmm than there is behind it Hence, when sleep re- 
laxes the mnBCleB, if we are sitting np the head fells forward. 
80. Second Kind of Lever. — In the second kind 
of lever the weight is between the fulcmm and the power, 
as represcoted in Fig. 27. The common wheelbarrow is au 
example of this form of lever. You have aa example of it 
in the bod; in the raising of the heel &<om the ground 
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in walking. In doing this, the weight t« bo raised is the 
whole body, the foot being the lever, iind the forward part 
of the foot being the fulcrum. This will be made clear by 
Fig. 28. W is the large bone of the leg snslmning the 



weight of the body; P, is the falcrum, the forward part of 
the foot that presses on the ground as the heel is raised ; 
and P, is the power at the end of the lever, the large muscle 
in the calf of the leg, that raises the heel. 
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" SI. Third Kind of Lever.— In the third form of 
lever the power is between the weight and the fnlcmm, A 
common example of this is seen in the raising of a ladder. 
The fixed foot of the ladder is the fnlcram, the ladder itself 
is the weight, and the power is applied as far from Che fnl- 
cmm as it can be. Fig. 29 represents a lever of this kind. 
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This form of lever is more frequently used than the other 
forms in the human body. We have an example of it in 
bending the forearm npon the arm as seen in Pig. 30, in 
which 1 is the bone of the arm ; 2, the bones of the forearm ; 
4, the mnscle which bends the forearm upon the arm ; 5, its 
double>headed attachment above; aud 6, its attachment to 

Fio. 80. 



the radins, one of the bones of the forearm. In this case 
the fulcmm is at 8, the joint of the elbow, the weight is the 
hand with whatever it holds, and the power is applied at the 
point where the tendon is Eastened to the radius, that is, 
as in the case of the ladder, between the fulcmm and the 
weight The muscle which straightens the forearm npon 
the arm is represented at 7. 
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82. Time and Fower. — In the management of the 
three kinds of levers there are two different objects aimed at, 
under different circnmstimces. One object is to move a 
great weight with a small power. Here quicicness is not 
aimed at, but the weight is moved slowly. The other object 
is to move the weight quickly, an object incouBisteut with 
the moving of any very heavy weight. When the object is 
to move a heavy weight slowly, the lever is bo managed a8 
to get a good purchase, as it is expressed. 

Thus in the case of the lever of the second kind, Fig. 87, if 
the weight be a heavy one, the power is commonly applied 
at some distance from the weight The nearer the power is 
to the weight, the greater must it be to move the weight 
The smaller the power, the further must it he from the 
weight 

But thongh a small power, if at a distance from the 
weight, answers to raise it, yet in this case the power must 
juove through a considerable space to move the weight but 
little ; while to ruse the weight to the same height, a power 
nearer to it passes through but little spat*. This will be 
made clear, by Fig. 31. F ia the falcmm, and W the weight 
If the lever. A, be raised to the line B, the dotted lines will 
show the different spaces which the power passes ttirough, 
according to its distance fh)m the weight If the power be 
at P, it passes through the space indicated by the dotted Une 




a in moving the weight W to c. But if it be atp, it passes 
through a much shorter space, h, in raising the weight to 
the same height The more important, therefore, in this 
form of lever, quickness of movement is, the nearer to the 
weight is the power applied. 
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Let hb look at the application of these principles to the 
example of this kind of lever, which waa cited from the 
baman body, represented in Fig. 28, the raising of the 
weight of the body on the foot in walking. The power 
is here applied quite near to the weight^ for quickness 
in raising the heel in walldng and running is of great im- 
portance. By having the heel project iarther behind, the 
muscle coald be attached farther from the weight, and thus 
act with more power. But there would in this case be a 
sacrifice of quickness of movement, and besides this, the 
lengthened heel would present a very awkward and ugly 
appearance. 

But it is in examples of levers of the third kind that we 
find these principles best iUnstrated. This form of lever is 
much more often used in the mechanism of the muscles 
than the other forms. Befer to the example given of this 
]ever in the action of the biceps mnscle in bending the fore- 
arm, as shown in Fig. 30. In this case it is of much mor& 
importance to move small weights quickly, than to move 
heavy ones slowly. Therefore the power is applied quite 
near to the fulcrum. The tendon of the biceps, as you see, 
is fastened to the main bone of the forearm near the Mcmm, 
the elbow. The point where the power is applied would 
pass through but little space, in moving a weight through 
a considerable one. The lower jaw, in its upward motion, 
is a lever of the same kind. In this case, force,rather than 
qnickness, is required in breaking and grinding the food. 
Here, therefore, the power, the action of the muscle, is ap- 
plied farther fWm the fulcrum than in the case of the biceps 
muscle of the arm, and nearer to the weight to be moved, 
or the point where the resistance is which is to be overcome. 
It is applied also in a different direction — a point which will 
be considered in another connection. 

The muscles which move the lower jaw upward can be 
seen in Fig. 33. One is the large spreading muscle h, the 
swelling of which, in its contraction, we can feel, if we place 
the fingers on the temple while moving the lower jaw up- 
ward. The other is the ehoii strong muscle c, the &out 
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edge of wbich is bo far forward, that one-third at least of 
the lower jaw-bone ia embraced by this mascle. 

Now, if yon compare this boue as a lever, with the forearm 
as acted upon by the biceps, yoa will at once Bee that the 
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power is applied mnch nearer to the weight, or the resis- 
tance to be overcome, in the case of the jaw, than in the 
case of the arm. It is so even when the resistance to be 
overcome is at the front teeth ; and it is much more so 
when the resistance is at the back part of the month, as when 
we are grinding our food. Here, indeed, a portion of the 
muscular force is brought to bear upon the resistance in a 
direct line. It is not merely becanae the back teeth are 
stronger than the front ones, but also because the power is 
nearer the resistance, that we can crack a nnt more easily 
with the back, than we can with the front teeth. 

83. Mechanical JHsadvantage, — It is clear that 
the biceps mascle acts, as it id expressed, at a giecbanical 



58 PHYSIOLOGY AND HYQIBNE. 

disadvantage, if we regard mere power or force, and leave 
out of view quickness of motion. If it were inserted farther 
down on tlie forearm, nearer the hand, it could raise much 
greater weights than it now can. A similar statement can 
be made of most of the other muscles of the body. 

But force is sacrificed for the sake of quickness in most 
cases, because the latter is more important In the few 
cases in which force is the more important, as in the case 
just cited of the lower jaw, the reverse arrangement is pro- 
vided. This gain in quickness can be illustrated by Fig. 33. 
F being the fulcrum, the power in raising the weight, W, 



to c, if acting at P, passes through the space indicated by the 
dotted line a. But if it act at p, it will pass throngh all 
the space b, and of course raise the weight more slowly than 
when acting at P. 

Most of the muscles work at a mechanical disadvanti^ 
in another way. Observe the direction in which the muscle 
acts on the bone to be moved. This is seldom at right 
angles, and therefore a considerable part of the force exerted 
is lost. This can be made clear by Fig. 34. Let b repre- 
sent the bone of the arm, and r its fulcrnm, or point of 
support in the shoulder. Yon readily see that if the bone 
be acted on by a muscle, m, at rigbi^angles to it, it will re- 
quire leas force to move it to a given point than would be 
required if the same muscle were placed in the position 
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represented by ». For the moBcle ji, acting obliquely on 
the bone, would expend a part of its force in preasing the 
end of the bone npwaH against the socket of the joint at r. 




Bnt in this case also, what is lost in power is gained in 
quickness of movement This can be shown by the figure. 
We will suppose that the mascle contracts or shortens itaelf 
half of the length of the tendon. If the mascle were placed 
as at m, the bone would be carried to the line a, c Bat 
if the mnscle be placed as at n, the same degree of con- 
traction would raise the bone to the line a, d, the point of 
the bone where the tendon of the mnecle ia attached moving 
in the carved line as marked. 

It, of coarfc, reqnires mnch more power for the obliqaely 
placed muscle, «, to raise the bone to the line a, d, than for 
the muscle m, to raise it to a, c; and therefore a much 
larger mascle is needed than there would be if it acted at 
right-angles to the bone as at m. And the mascle which 
raises the arm at the shoulder, acting as it does at bo great 
disadvantage, is a very large muscle. The muscle, n, in the 
figure, represents only the line of its action, and not at all 
its shape. If you observe the various motions of the arm 
in which this muscle has a part, you will appreciate the 
necessity of so arranging it as to secure quickness of move- 
ment. This was the chief object to be aimed at in its 
arrangement; and the second and less important object, 
power, is secured, so &r as it is needed, by simply nuking 
the mnscle a lai^ one. 
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84. Plan by which the Mechanical IHsad- 

vantage is Overcome. — The mechuiical disadvantage, 

which was noticed as resulting from the oblique 

Fio, 85. action of the muscles, is in part obviated by a 

very simple contrivance. It is done by making 

"" -firi ^^ tendon of the muscle work over an enlarge- 

Ijl ""'" ment of the bones at the joints. 

W The operation of this contrivance can he made 

if" " ele^ by Figs. 35 and 36. Let r and o (Fig. 35) 

U be the two bones of a joint, and let the muscle 

1 be attached to the bone o at t. As it contracts, 
almost all its force will be spent in drawing the 
bone npward against the bone r, because it 
acts almost entirely in a line with the bones. 
Bnt let the ends of the bones be eQlai^;ed as in 
Fig. 36, and you see that the direction of the 
tendon of the muscle m is so changed where it 
is attached to the bone, that the moscle can now very 
easily make the lower bone torn upon the upper. 

The enlargement then of the bones at the joints, which 
is needed to give the requisite extent 
of surface for working them, answei-s 
also another good purpose in thus 
altering the direction df force in the 
mnscles. In the case of the knee- 
joint there is an additional contriv- 
ance .for making this change of 
direction still greater. A movable 
bone, the patella or kneepan, besides 
acting as a protection to the joint, 
effects also the purpose referred to. 

The manner in which it does this 

can be made pUun by Fig. 37, in 

which a represents the end of the 

thigh-bone; b, the end of the large 

bone of the leg articulating with it ; 

C the patella ; d, the large tendon which comes from the 

muscle above, and is flsed into the patella; and e, the ten- 

.,i ,Goo^^lc 



Pio. 87. 




THE KUSCLBS. 61 

don which goes from the patella to the large bone of the leg 
beloir. The dotted line Bhows how mach the direction of 
the force of the muscle ie changed by this arrangement. 
The movement performed by this mnscle is throwing tlie 
leg and foot forward, which it is by the above arrangement 
of the patella enabled to do with great eaae in walking, and 
with great force in the act of kicking. 

8S. The I*ullei/.—1he pulley is tiaed in the arrange- 
ment of the mnecles, though by no means so often as the 
lever. It serves, whenever it ia osed, to change the direc- 
tion of the force. 

At the wrist and the ankle there are broad ligaments 
which bind down the tendons of the mnscles, and snstaia 
to them the relation of pulleys. K it were not for these 
ligaments the tendons at these joints would fly out con- 
tinually when the mnscles are in action, making projecting 
cords under the skin. And if the skin were removed, the 
tendons wonld be in a position similar to that represented 
Pig. 88. 




at A, in Pig. 38. In this Figure, C IB a tendon of the 
great toe in ita position as bound down by Iigamenta. 
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Now if the muscle were in the poBiHon represented by A, it 
is plain that it woald act at a greater mechanical advantage 
than in the position G ; but the toe would not be moved eo 
quickly; and besides, if the tendons projected in this way, 
the foot wonld he a very cnmbrotis piece of macbineiy, com- 
pared with what it is now, with the tendons bound down 
around the slender ankle. So that both beauty and nse are 
secured by the urangement 

There is a beautifal application of the pnlley in the case 
of the moscle that draws down the lower jaw, called the 
digoKtric mnacla It is represented in Fig. 39, in which a 
is one end of the mnscle attached behind the ear, and b is 
the oUier end attached to the inside of the lower part ofthe 
chin. 
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It is mnscnlar at the two ends, and tendioons in Ms middle 
part This middle part nrns through a loop or ring in a 
small muscle as represented in the Figure. This little muscle 
is fastened above to a small process of bone under the ear, 
and below to the hjoid, or U-shaped bone, c, which is sit- 
uated just above the larynx. Now when the jaw is to be 
drawn down, the two fleshy ends of the digastric mnscle con- 
tract, and the middle tendinous part works in the ring pro- 
vided in the little muscle. This muscle is so slender, that 
its loop is of itself hardly strong enough, as we should 
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suppose, &H' the tendon of bo large a muscle as the digaetric 
to work in. And we accordingly find that there ie an 
additional security in a strong ligament, which &steii8 the 
tendon of the digastric muscle to the hyoid bone. 

This ligament (which is not represented in the fignre, 
becanse it wonld confuse yonr view of the pulley-action of 
the parts) is sufficiently long to allow of all the fi'eedom of 
motion necessary to drawing the jaw downward. Yon see 
at once that one object of this arrangement of the digastric 
muscle is to secure beatit; of fbrm in the neck. A muscle 
extending &om the top of the chest to the chin in a straight 
direction would very effectually draw down the lower jaw, 
but it would be a great deformity. This is avoided by the 
pnlley-arrangement.of the digastric muscle. 

But this muscle answers another parpose besides drawing 
down tbe jaw. If, while the jaw be held &st by muscles 
which draw it upward, the digastric contracts, it will draw 
up, as you can readily see by tiie Figure, the hyoid bone, c, 
and with it, of course, the larynx which is attached to it. 
Now precisely this set of motions occurs when we swallow. 

The mouth is shut by the drawing np of the jaw, and then 
the contraction of the digastric muscle draws up the larynx, 
as you can perceive if you place yonr fingers on the larynx, 
or Adam's apple, as it is called, when yon perform the act of 
. swallowing. The little mascle in which the loop is, renders 
some assistance to the digastric in thos drawing op the hyoid 
bone and the larynx, as you can see by the Figure. 

86. Muscles of the Eye. — ^There are six muscles 
that move the eye-ball. Five of them are represented in 
Pig. 40. There are four straight mascles, three of which are 
marked a,b,c; the fourth is behind h, only the upper edge 
of it being seen in the Figure. These mnscles are, at their 
origin in the back part of the socket of the eye, arranged 
round the optic nerve, and passing forward, are attached to 
the sclerotic coat, the firm white coat of the eye. The two 
lateral muscles, b and its opposite, move the eye to the one 
side and the other, and the two mosole^ a and c, perform 
the np and down- motions. X ' i 
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But there are certain oblique rolling motions -of the eye- 
ball which can not be executed by these straight mueclee. 
For these motions two muecles are provided, one of which 
has a pulley-arrangement, m represented in the Figure. 
Fib. 40. 




This mnecle, s, has a long tendon which paaees through a 
ring of cartilage in the roof of the socket^ and then turning 
back is fksteued as you see to the upper part of the eyehaU. 
This muscle is under the direction of one nerve alone. 

It is an involuntary muscle which performs the insensible 
rolling motions of the eyeball, and like the other involuntary 
muscles of the body, is at work while we are asleep, aa well 
as when we Me awake. It is the mascle which rolls the eye 
about tremulously wheu it is open in the insensible state 
sometimes produced by disease. 

87. Opposing Muscles. — Every muscle performing 
a motion has its opposing muscle or muscles, which perform 
the opposite motiou. In the case of any two opposing mus- 
cles the one must be in some measure relaxed while the 
other is in action. Thus in alternately bending the elbow, 
and straightening it^ there is alternate action and relaxation . 
in the two opposite muscles i and 7, as represented in Fig. 
30. So in moving the head back and forth the muscles in 
front and rear are alternately contracted and relaxed. 

There is indeed in every muscle some amount of contrac- 
tion which is independent of action through the nerves, 
whether it be reflex, or produced by the wiU. For this 
reason the muscles cut off in amputation of a limb retract. 
So also if the muscles on one side of the face be palsied, 
those on the other side draV the mouth to that ode. The 



THE mjSCLES. • 65 

month is held in the middle of the fiice by the equal action 
of pairs of muscles. The head, too, is held in eqnilibrinm 
in the same way. 

In what is called wry-neck, this tonic contraction, ae it is 
Bometimes termed, is greater in the muscles on one side 
than it is on the other. In some cases a cute can be effected 
only by dividing the contracted mnscles. In strabiBmus, or 
aqninting, one of the straight muscles of the eyeball con- 
tracts too strongly for its opposing mnscle, and as in wry* 
neck, dividing the contracting muscle is often necessary to 
remedy the difficulty. 

88* Compound Muscular Action. — Most mo- 
tions are not performed by single muscles, but by the joint 
and agreeing action of sev^al, and sometimes many muscles. 
And as these muscles may vary to a great extent in their 
degree of contraction, the motions produced by them are 
not only compound, but are exceedingly varied. In Fig. 32 
you see a pair of muscles, one of which is marked A, which 
extend from the large protuberances behind the ears to the 
top of the breast-bone. 

When they contract eqvally, the head is bent straight for- 
ward in the middle line between the mnscles, and a line 
drawn from the middle of the forehead down to the breast- 
bone would strike exactly at the point where these two 
muscles unite. But if one muscle contracts more strongly 
than the other, the head as its bows forward turns toward 
the dde on which is the strongest contraction. And as the 
d^rees of contraction in these two muscles may be varied, 
BO there may be a variation in the degree of inclination of 
the head to one side or the other, as it is bent forward. 

If then a variety in the direction of motion may be pro- 
duced by variation in the degrees of action in two muscles, 
one can readily see that an almost infinite variety of motion 
must result &om this variation, where many muscles ore 
called into action. 

89, MJuacles of the Tongue. — There is no part of 
the body which exemplifies in so palpable a manner the 
compound and diversified character of muscular motion as 
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the tongae. It is mostly a bnndle of mnscnlar libreB, ap- 
parently mingled together in confusion, but really arranged 
in perfect order, so that the tongue can be moved with great 
definileness in all directions, forward, backward, upward, . 
downward, to either side, and in all intermediate directiona. 

Bat all this wonderful variety of movement ie produced 
in obedience to the definite action of nerves, whose fibres are 
mingled with the mnscnlar fibres of the tongue. And in 
order to produce each motion there is an agreement of 
action not only between many of these fibres, but also between 
multitudes of them. 

90. View of the Muscles. — The mnacles are of vari- 
ous shapes and sizes, according to the motions which they 
are designed to produce, and the circnmstances in which 
they are placed. They are round, long, short, fiat, fan- 
shaped, circular, serrated, &c. At a (Fig. 41) is the very 
large muscle that makes the fieshy prominence at the upper 
part of the arm, and the office of which is to raise the arm, 
carrying it out from the body; its fibres are not all arranged 
alike, but lie in difi'erent directions. The result is, that 
while the arm is raised by the muscle as a whole, it may be 
carried at the same time forward or backward by the vary- 
ing action of these different fibres. 

There are many of the muscles of the body which are 
thus made to prodnce various results by variation of the 
action of different parts of the same muscle. And the regu- 
lation of this variation by the nerves is one of the most 
wonderful and mysterious things which we find iu our study 
of the nervous system. 

For each fibre,in the cases referred to,i8 told, as we may 
express it, just how much it must do in order to prodnce the 
requisite general motion of the muscle. It is manifestly mnch 
more wonderful thus to prodnce various but accurately 
graduated contraction in different parts of the muscle, than 
to produce a uniform contraction in all its fibres. 

At h is the biceps muscle, which bends the forearm upon 
the arm, and at c is another muscle that assists the biceps 
At e is the large muscle in the back of the arm, which acts 
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in Opposition to the biceps, and straightens the forearm upon 
the arm. At </ is a mnscle which rolls the radius outwards, 
and thos tumB the palm of the band upward aa seen in the 
Figure. 

At ^ is a veiy large broad mascle coming irom the whole 
length of the back. At the axiUa or anu>pit, ita fibres are 
collected, twisted, and folded upon eacbother,and it ia fastened 
by a Btout tendon to the opper and hack part of the bone of 
the arm. Its office is to pull the arm backwards and down- 
wards. 

At A is a serrated muscle which, rising from the ribs, goes 
to the shoalder-blade, and serves to draw the shoulder-blade 
forwards. At i is one of the broad muscles of the abdo- 
men. At I and k are two large muscles that move the 
thigh. At and p, as seen on the right thigh, and at n, aa 
seen on the left, are three large muscles, which are fastened 
to the kneepan, and serve to throw the leg forward. 

At g is the tendon that forms the outer hamstring, and 
at r are the two tendons which form the inner one. The 
muscles to which these tendons belong, serve to bend the 
leg upon the thigh, drawing it upward and backward. At s 
is the muscle which makes the balk of the calf of the leg. 
It moves the heel upward and backward, and it is seen 
in t in the right leg of the Figure. Its strong tendon 
which is attached to the top of the heel-bone is called, on 
account of its strength, the tendon of Achilles. This muscle 
is in Fig. 38 the power P which nuses the weight of the 
bodj, W, on the fulcrum, F, aa the heel is raised from the 
ground in walking. 

In Fig. 43 you have a rear view of the muscles. At a is a 
very broad muscle, which, rising from the back, is attached 
to different parts of the shoulder-blade. You can see that 
this irregularly-shaped mnscle wiU move the shoulder-blade 
variously, according to the various action of the different 
fibres of the muscle, which run ia so different directions. 

At c, yon see the rear part of the muscle that raises the 
arm. At b is the extensive muscle that you saw in Fig. 41 
at g, which draws the arm backward. At e is a large mascle 
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that draws the thigh backward. At g, h, and / are the 
muscles whose tendons form the two Iiamstriogs. At i is 
the muscle that forms the calf of the leg, and raises the heel. 

91. The Bones are not aU that the Muscles 
move. — Thus far the boues have been especially spoken 
of as being moved by the muBcles. But other parts are 
moved by them also. In the case of the voice, the little 
muscles move cartihiges to which the vocal ligaments are 
attached. The tongue and the palate are moved by muscles. 
Mnscles move the skin. The mouth, the eyelids, the eye- 
brows, Sue, axe moved by them. In many animals the skin 
is moved extensively by muscles, as, for example, when the 
horse shakes his' skia to get rid of the biting flies. 

92. Symmetry of Arranyem^nt.— The musclea 
moving the fingers are placed mostly in the forearm, while 
their slender tendons pass over the surface of the bones in the 
vn-ist The flowing outline of the arm is thus secured, and 
the hand is made a light, and at the sane time a strong ap- 
paratus. Substantially tha same can be said of the ar- 
rangement of the muscles and tendons in the leg and foot. 

There is a contrivance in a muscle that bends the toes 
which will be noticed here. Its four tendons pass to the 
last bones in the toes, and in doing so they go through the 
tendons of the muscle that bends the second joints. For 
this purpose, the latter divide near ttie ends where they join 
the bones. In the Angers, also, a similar arrangement is 
made for the tendons of the second and third joints. This 



is represented in Fig. 43, in which e is the tendon which 
goes to the last bone c through the division in/, which goes 
to the second bone b. It is manifest that this is the best 
way of packing the tendons, as wc may express it. Any 
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other conceivable arrangemeiit would add to the bulk of the 
finger. As they are represented in the figure they are raised 
up, instead of being closely packed down upon the boue, as 
they are in reality. 

93. Modes of Action oftJieJIfusf^es. — Yoor atten- 
tion is oalled to one mode of action, in which a large nnmber 
of the muecles are called into play, on account of its analogy 
to an expedient often used in mechanics. This, represented 
by Fig. 44, is called the toggle-joint. 

Let c, a, and c, b, represent ^o bars connected together, 
like a carpenter's folding rule, by a hinge or 
joint at c. Suppose the two ends, a and 6, to ^*'*- **■ 
be fitted into the two blocks represented in 
the Figure. If now the block at 5 ia fixed, 
and the block at a is movable, and force be 
applied to the joint c carrying it towards d, 
the block at a will be pressed upward with 
considerable force. If, on the other hand, the 
block at b is movable, and that at a is fixed, 
the block at b will be pressed downward. We 
see this latter form of the contrivance applied ' . 

in printing-presses. togolkjoint. 

In the human body this teggle-joint is used 
in both ways. When one stoops to take a heavy weight 
upon his back or shoalder, he pnta both the knee and the 
hip-joints in the condition of the toggle-joint when it is 
bent; and then as he straightens np, the weight ia raised 
by an action of the joints precisely eimilar to that of the 
toggle-joint in machinery. In the case of the knee, the 
straightening of the joint is done by the muscles on the 
front part of the thigh, that draw up the kneepan with the 
tendon attached to it. 

This is using the principle of the toggle-joint in pressing 
upward. It is also sometimes used in pressing downward. 
In crushing any thing with the heel, we give great force to 
the blow on the principle of the toggle-joint, by fiexing the 
knee and straightening the limb as we bring down the heel 
upon the tiling to be crushed. In pushing apy th ing before ns, 
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we bend the elbow as pieparatorj to the act^ and then thraat 
the arm out strai^t, thus exemplifjiag the toggle-joint. 

The horse gives great force to his kick in a similar manner. 
The great power exerted by beasts of draught and burden is 
to be referred mainly to the principle of the toggle-joint. 
When a horse is to draw a heavy load, he bends all his limbs, 
especially the hinder ones, and then aa be straightens them, 
he starts tbc load. In this case the ground is the fixed block 
of the mechanism, the body of the horse to which the load 
13 attached is the movable one, and his hmbs are so many 
toggle-joints. By this application of the principle we see 
draught-horses move very heavy loads. 

94. The Sand. — The hand is the most wonderful of 
all parte of the body, in regard to variety and complication 
of movement. There are over fifty muscles, which are en- 
gaged in the various motions of the upper extremity, all of 
which, of course, have more or less reference to the band. 
Indeed the hand is the pMt of the upper extremity to which 
all its other parts are tributary, and therefore we may 
properly consider all these muscles as in a great measure 
belonging to the hand. 

If now you call to mind the &ct, that each one of these 
muscles can vary the amouni of its contraction in all degrees, 
from the most powerful action down to the slightest move- 
ment, you can readily see that fifty muscles with this power 
of variation can produce an almost endless number of com- 
binations of motion. The variety would be exceedingly great, 
even if every muscle, whenever it acted, had always the satne 
amount of contraction. But the power of varying the 
amount of contraction multiplies the variety to an incon- 
ceivable extent. 

93. Tlie Muscular Sense. — The question arises, 
how in all the diversified action of the muscles their nice 
adjustment is effected. How do the muscles know, as we 
may express it, just how much to do in each movement? 
When, for example, you reach your hand up to touch some 
object, how does each muscle know just what degree of con- 
traction is necessary to make the hand go Vith precision to 
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Hie particular point arrived at ? And so when one is plapng 
on an instmment mth tlie fingers, as the piano, varying 
their pressure continually in accordance with the desired 
loudness of the sound, how does each muscle know just what, 
amount of contraction is required of it iu each movement ? 
Though the senses of vision and touch afford some assistance 
in the guidance of muscular action in such cases, something 
else is manifestly neceasory. 

Sir Charles Bell, therefore, supposes that there is what he 
calls a miiacular sense, which acte as a guide to the muscles, 
in connection with the senses of sight and touch. In some 
cases it is the Bole guide. On this subject, Sir Charles says, 
" When a blind man, or a man with his eyes shut, stands 
upright, neither leaning upon nor touching aught; by what 
means is it that he maintains the erect position ? The sym- 
metry of his body is not the cause ; the statue of the finest 
proportion must be soldered to its pedestal, or the wind will 
cast it down. 

"How is it, then, that a man sustains the perpendicuUr 
posture, or inclines in due degree towards the winds that 
blow upon him F It is obvious that he has a sense by which 
he knows the inclination of bis body, aud that he has a 
ready aptitude to adjust it, and to correct any deviation 
jh>m the perpendicular. What sense then is this? He 
touches nothing, and sees nothing; there is no organ of 
sense hitherto observed which can serve him, or in any 
degree fud him. Is it not that sense which is exhibited 
80 early iu the inianti in the fear of foiling P Is it not the 
fill] development of that property which was early shown in 
the stm^le of the infant while it yet lay in the nurse's 
anna? 

"It con be only by the adjustment of muscles that the 
limbs are stiffened, the body firmly balanced, and kept erect. 
There is no source of knowledge, but a sense of the degree 
of exertion in his muscular &ame, by which a man can 
know the position of his body and limbs, whUe he has no 
point of vision to direct his efforts, or the contact of any 
external body. 
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In trntb, we stand by 00 fiue an exercise of this power, 
and the moscles are, from habit, directed with so mnch pre- 
cision, and with an effort 30 slight, that we do not know 
how we stand. But if we attempt to walk on a narrow ledge, 
or stand in a dtuation where we are in danger of falling, or 
rest on one foot, we become then subject to apprehension; 
the actions of the mnscles are, as it were, magnified and 
demonstratiye of the degree in which they ok excited." 



CHAPTER VI. 
LANGUAGE OF THE MUSCLES. 

96, All Thoiight Expressed by MiismUar 
Contractility. — As the nerves of sensation are the inlets 
of all knowledge to the mind, the nerves of motion are the 
outlets by which all knowledge la commonicated. Thought 
and feeling are expressed only by muscular motion. 

It is chiefly by the voice that thought and feeling are 
communicated. And every variation of note, or of articu- 
lation, is caused by the action of muscles. When the mns- 
cles of the hand, by writing, communicate to others thought 
and feeling, they merely translate the language of the mus- 
cles of the vocal organs into conventional signs. Leaving 
the language of these vocal muscles for another chapter, in 
this we will notice the language of the other muscles of the 
body and especially of those of the &ce. 

97. Muscles of Expression in the Face. — 
The particular mnscles of expression in the Eace, are 
represented in Fig. 45. There is a thin flat muscle covering 
the whole top of the head, represented at 1, 3, and 3 ; 3 
being its thin tendinous part. It is fastened to the large 
bones behind, and in front its fibres end in the skin of the 
forehead and the eyebrows, and in the circular muscle of 
the eyelids, 4. When it contracts, therefore, it laises the 
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skin of the forehead and the eyebrows ; and if it contract 
strongly, it wrinkles the forehead. The cireuUr mascle of 
the eyelids, i, when it contmcte closes the eye. This and 
the large frontal muscle juat described, mast have much to 
do with the ezpresaion of the countenance. 



iruBCLsa OF ibs face. 

A yery important though small muscle, not seen in the 
figure, may be seen at a, in Fig. 33. It is attached to the 
bone at the side of the top of the nose, and is inserted into 
the skin of the eyebrow. It is called the corrugator super- 
cilii, or wrinkler of the eyebrow. From the agency which 
this muscle has in the expression of certaiu passions and 
emotions, comes the word in so common use, mperdlioua. 
Though a little muscle, it is truly a supercilious one. 

At 7 ia the circular muscle of the mouth, orbicularis oris. 
When this contracts it closes the lips, and if it act strongly 
it pushes them out This is the muscle with which, in part, 
pouting is done. At 8 is a mascle which is fastened above 
to the bone of the nose, and runs down, its fibres ending in 
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the wing of the nose, and in the apper lip. When it con- 
tractB, therefore, it moves the wing of the nose oatward, 
and draws np the lip. You see this muscle in action in 
Borne emotions, the nostrils appearing spread out At 9 is a 
muscle which raises the lip, and at 10 and 11 are two 
muscles, that raise the corner of the month, carrying it a 
little to one side. At 13 is the muscle which acts in oppo- 
sition to the two last. It pulls tlie comer of the mouth 
down. At 12 is the muscle which pulls down the lower lip. 
At 18 is the mnscle in the side of the mouth, which draws 
the comer of the mouth backward, and also serves to press 
the cheek inward, and thus prevent the food from getting 
outside of the teeth when we are chewing it This muscle 
also, by it* compressing power, forces out the air' from the 
mouth when the cheeks are distended, as in blowing a horn 
or a trumpet Hence it is called iuccinatw from buccinare, 
to blow a trnmpet At 15 ia a large muscle which closes 
the lower jaw. against the upi>er, and although its chief use 
is to masticate the food, it haa some agency in the expression 
of the countenance, in fixing the teeth firmly together, as 
in the expression of rage. There are three mnsoles which 
move the ear: 19, moving it upward; 17, forward; and 21, 
backward. These have but little power in man, but in some 
animals they move the ear considerably, and are prominent 
agents of espression. 

98. Muscles about the Mouth. — In Fig. 46 the 
mnsclea about the mouth, which have so much to do with 
the expression of the countenance, are very distinctly shown. 
At a is the mnscle which draws up the wing of the nose and 
the lip; A raises the lip ; craiaesthe comer of the mouth; 
d and e raise the comer of the mouth, and at the same time 
carry it outward ; n draws it outward ; m draws it down- 
ward and outward, in which action it is assisted by a broad 
thin muscle, o, which, situated just under the sldn, comea 
up from the neck ; I draws the lower lip downward ; and t 
is the circular muscle which closes the lips, and thrusts 
them out in ponting. At A is a short muscle which is 
fastened to tiie sockets of the teeth, and has its fibres ending 
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in the sldii of the chin. It therefore draws the chin np 
when it contracts. It haa so much agency in the expression 
of Bcorn and coDtompt that it hae been called the superbua. 
It is by the action of this muscle, together vith the circular 
muscle i, that the expression termed pouting is produced. 



inracLES ABOUT THE Morrm. 



Most of the mnscleB which have been described are in pairs; 
and in every pair both muscles contract always exactly aUke, 
unless aSected by disease. We laugh and &own and weep 
on both sides alike. All of these muscles of expreseiou in 
the face are governed in their action by the branches of one 
nerve, the respiratory nerve of the face. When this nerve, 
therefore, is paralyzed on one side, and not on the other, as 
is no uncommon occurrence, these muscles on the paralyzed 
side are motionless, and the individual can laugh and frown 
and weep on only one side of the face. 

Ko one muscle is devoted t^ the expression of one emotion 
or passion ; expression is commonly the result of the com- 
bined action of many muscles. By virtue of this combina- 
tion, the same muscle often takes a part in the expression 
of vuious emotions. 
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99. ActionofParticuUir Muscles in Mepress- 
ing Emotions.— When the frontal muscle (1, 2, 3, Fig. 45) 

eontractiS it raises the eyebrows. This motion expresses either 
doubt or surprise, and the observer determines which it is, by 
the expression of other'parte of the countenance accompany- 
ing it, or in other ■words, by the action of other muscles in 
the face. When this muscle contracts very strongly, it draws 
up the eyebrows so much, as to push up the skin of the 
forehead, and wrinkle it. This, as you will soon see, is one 
of the many motions of the face which make up the ex- 
pression of great bodily fear. In joy this muscle acts mod- 
erately ; raising the eyebrow, therefore, but a little. This 
muscle often acts in connection with the corrugator super- 
cilii, the wrinkler of the eyebrow. The muscle which draws 
the comer of the mouth down is in action while the Superbvs 
{h. Fig. 46,) is drawing up the chin which pushes up the lip 
before it. At the same time the muscle which draws up the 
wing of the nose and the lip (a. Fig. 46,) contracts to some 
extent, producing an arching of the mouth and a peculiar 
shape of the wings of the nose. The upper lip is arched by 
the action of this muscle in such a way as to fit the arching 
upward of the lower lip, produced by the superbus and the 
muscle which draws down the comer of the mouth. 

In the expression just described, and illustrated by the 
figure, it can be seen that the muscle which draws down the 
comer of the mouth has a considerable agency. Now, this 
muscle is the chief agent in the expression of sorrow, as yon 
saw in the first part of this chapter. The difference in the 
two cases lies in the combination of action of the muscles. 
Thus, in sorrow the muscle which draws down the comer 
of the mouth, does not have the superius to act with it, as 
in the case of the passion. So also, in some forms of grief, 
the corrugator supercHii acts quite strongly, where the grief 
is represented as caused by bodily pain. 

In quiet sorrow this muscle is not in action, but there is 
a general languor relaxing the muscles of the face, while 
the comers of the month are slightly depressed. It is a 
state of the muscles directly opposite to tiiat which- exists 
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when Ihere is a calm quiet pleasnre. Then most of the 
mnsGles are in a state of gentle action, and the corners of 
the month are a little raised, giving the radiance of a light 
smile to the whole conntenance. The frontal mnscle 
slightly raising the eyebrows, adds to the effect. 

100. Movements of the Eye in ExpreaMon. 
— ^The moecles of the eye, that is, those which more the 
eyeball, haye some agency in certain expressions of the 
conntenance. Thns, the fixing of the eye npon an ad- 
mired object makes a part of the expression of admiration. 
In the expression of deTotion the eye tarns inetiDctively 
npward. There are certain involuntary motions of the 
eyeball, which have mnoh to do with expression in certain 
states of the body, and in certain emotions. These motions 
are performed by the oblique mnscles. When the straight 
muscles which ordinarily control the motions of the eye 
lose their power from a state of general insensibility, the 
eye is given over to the action of these oblique muscles, 
which are involuntary, and therefore is rolled about in its 
socket; being turned npward all the time, so that only the 
white of the eye is seen. This occurs in sleep, in fointing, 
in the stupor of disease, and in the approach of death. 

The loss of power in the voluntary muscles of the eye- 
ball and eyelid is often seen ludicrously exhibited in the 
intoxicated man. He sqainta and sees double from de- 
ficiency of action in the straight moscles of the eyeball. 
The oblique involnntary mnscles of course roll the eye in 
proportion to the deficiency of these straight muscles. The 
voluntary muscle too, which holds up the upper lid, fails to 
do its duty, and the lid is constantly disposed to fall over 
the eye. The frontal muscle is therefore called upon to aid 
it Hence, in the ^effort of the drunkard to keep his eyes 
open, you see him raise the eyebrows, the eyelids of course 
being dragged up after them slightly. 

101^ ComMnation of Muscular Action,— 'QvX 
we do not get a full view of the combinations of muscular 
action in expression, if we confine our observations to the 
countenance. The muscles of other parte of the body, and 
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sometimes of the whole frame, are brought into SQtloD in 
couDOction with the muscles of the face, in ezpreasing 
thonght and feeling. The attitudes aad motions of other 
parts of the body correspond with the attitudes and mo- 
tions of the conntenance, so as to produce a harmonioas 
effect. The hand is more used than any other part in aid 
of the countenance in expression ; bat the whole body is 
oft«n brought more or less into action. The character of a 
pasfflon can sometimes be inferred merely from the atti- 
tude or from the mode of walking, as you see one at a dis- 
tance. 

102, Action of the Respiratory Mti8clea.—BvLt 
it is the muscles of the respiratory organs which sympathize 
moat with the mnsclea of the face in expression. This 
sympathy is the result of a nervous connection, and the 
nerve of expression in the face is therefore sometimes called 
the respiratory nerve of the face. In laughing the indi- 
vidual draws in a full breath, and then lets it out in short 
interrupted jets, the muscles of the throat, neck and chest, 
especially the diaphragm, being conTulsirely agitated. And 
if the laughter be strong and continued, he holds his sides, 
which Itecome really sore, from the violent action of the 
respiratory muscles in this expression of his emotions. In 
weeping too, these same muscles are affected. The dia- 
phr^m acts spasmodically, the breathing is cut short by 
sobbing, the inspiration is quick, and the expiration is slow, 
and often with a melancholy note. But it is not alone in 
these marked ca^s that the respiratory muscles are seen to 
act, their action is plainly noticeable in many of the slighter 
expressions of feeling. 

103. The HaMtual Mxpression of the Coun- 
tenance after Death, — The haMtiial expression of the 
countenance, depending as it does upon the habitual con- 
dition of the muscles, is seen after death. In the state of 
relaxation which occurs immediately at death the face is 
very inexpressive, because its muscles, together with those 
of the whole body, are so entirely relaxed. But very soon they 
begin to contract, and they assume that degree of contrao- 
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Hon to which they were habituated daring life, and there- 
fore giye to the countenance its habitnal expression. 



MUSCLES. 



CHAEACTEK. Ico-tbactiul 
FUHCTION. )M,mon. jKSy. 

Bt Tbrdoitb to the 



ATTACHMENT. 



( Not bo Attached. 



ABBAKaEMENT. 



CHAPTER VII. 
DIGESTION. 

104, Bummary of the Process of Digestion. 

— Under the term digestion are included all those processes 
which are necessary to effect the separation from the food 
of its natritioas portion, and the introduction of it into the 
circalation. A summary of these processea may be thus 
given. The food is broken up and ground in the mouth, 
and it is at the same time mixed with the saliva. It is 
then taken into the stomach, where it is kept in constant 
motion under the solvent action of a fluid of a peculiar 
character. When it ia brought into the right condition, it 
ia passed from the stomach into the intestines. Here it is 
act«d npon by two fluids — the bile, the secretion of the liver, 
and the secretion of another gland, the pancreas or sweet- 
bread. These secretions have some agency in separating 
from the mass its nutritious portion, and this is absorbed 
or taken up, in the form of a milky fluid, by little vessels 
lying on the snr&ce of the inner membrane of the intcs- 
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tines. These TesBeh nnite to form a large tnbe, through 
which the milky fluid is poared into the circalation, to 
replenish the blood. 

105. Teeth Various, according to Different 
Kinds of Food.. — Mastication is an important part of 
the process of digestion. The teeth, which perform this 
act, are veiy hard bodies. The body of a tooth is composed 
of two substances. The inner part is called the irory, and 
the outer, which is exceedingly hard, is called the enamel. ' 
The teeth are of different shapes for different modes of 
action. There are long and pointed teeth, for tearing; 
others for cutting, which have a sharp edg^ and others 
for grinding, which have for this purpose a broad and 
irregular surface. 

The teeth are differently shaped in different animals, 
according to the kinds of food which they eat. Thus, the 
herbivorous, or vegetable-eating animals, have grinding teeth 
to bmise their food ; while the carnivorous, or flesh-eating 
animals, have sharp-edged teeth,and long-pointed teeth, by 
which their food is torn and cut in pieces. And it is to be 
observed, that the movement of the jaws always corresponds 
to the character of the teeth. 

In the carnivorous animats, the motion of the lower jaw 
upon the upper is a mere up-and-down, or hinge-like 
motion. As they have no grinding teeth, there is no need 
of any lateral motion. But in the animals that have grind- 
ing teeth, there is a lateral motion, to enable them to grind. 
You see this difference very plainly, if you observe the dog 
and the horse while they are eating. In Fig. 47 yon see 
represented the teeth of a carnivorous animal. The front 
teeth are long and pointed, for rending, while the back 
teeth have a sharp edge for cutting. 

In Fig. 48 you see represented the broad and irregular 
grinding sur&ces of the teeth of herbivorous animals. In 
animals that live on insect^ the teeth present conical 
points, which press into corresponding depressions in the 
opposite jaw, as represented in Fig. 49. In those that live 
on soft fruits, the teeth are rounded, as iu Fig. 50. These 
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are quite in coatrast with the teariBg teeth of the camiTo- 
rooB, and the grinding teeth of the herbivoroiu animals. 




OP CASNtTOROUS AnniAL. 



There is an arrangement of the enamel and the ivory in 
the teeth of the herbivora which ooght not to paas nnnoticed. 
Instead of having the enamel cover the ivory, as in the 
teeth of the camivora, the two substances are arranged in 
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upright layers, as seen in Fig. 48. The object of this is plain. 
The ivory wears away more readily than the harder enamel, 
and, therefore, the surfaces of the teeth always present pro- 
jecting hard ridges, fitting them for grinding thoroughly. 
A miller would say, that these are stones that never need 
picking. 

106. Man an Omnivorous Aninud.—^o perfect 
is the correspondence of the teeth with the kind of food on 
which the animal lives, that the skillfnl naturalist can 
infer very correctly, from the examination of the teeth 
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alone, the chaiSoter of the food on which an animal lives, 
and even the general arrangement of its structure. 

Aa man has the three kinds of teeth which I have noticed, 
he is said to be omnivorous, or an eater of all kinds of food. 
Id him, the front teeth are the cutting ones ; what are 
called the stomach and eye-teeth are the tearing ones ; and 
the large hack teet^ are shaped for grinding. It will bo 
observed that the tearing teeth, aa they have not very sharp 
points and are no longer than the other teeth, have but 
httle power when compared with the long and sharp tearing 
teeth of a camiTorous animal, aa seen in Fig. 47. Aa man 
can use instruments to cut his food in pieces, he does not 
need so much power in his teeth aa carnivorous animals 
have. Allowance should be made for this in estimating 
the amount of carnivorous adaptation in man. 

107. SubstittUes for Teeth.—Then are a few of 

the Mammalia that have no teeth. This is the case with 

the common whale. In his ease, instead of teeth, there 

hang down from the upper jaw, as represented in Fig. 51, 

Fio. 62. Fia. 61. 




plates of a fibrous substance, called whalebone, which have 
their fibres separated at their free extremities, so as to make 
a sort of sieve. This ie intended to catch the small ani- 
mals, which the whale devours in great numbers. 

To obtain these it swims with its mouth opened and thus 
fills it with water. The water is strained through the 
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fibrous wh^eboDe, and the Bmall animals retained. Birds, 
too, have no teeth. Their place is supplied in part by a 
contrivance in the stomach itself, for the breaking up of the 
food. This will be described in another part of this chapter. 
t08. Salivary Giands.— While the food ia cut and 
ground by the teeth, it is at the same time thoroughly 
moistened by the saliva, which iB poured forth from certain 
glands iu the neighborhood. There are throe pairs of these 
glanda Fig. 53 shows the glands on one side. The parotid 

Pro. 63. 
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gland, 1, is the largest. This is situated in front of the 
lower part of the ear. It is the seat of the swelling in the 
disease called mumps. Its duct, 2, passes over one large 
muscle and between the fibres of another, and pours its 
contents into the month opposite the second small grinder 
of the upper jaw. If you press on this part of the cheek, 
you can feel in the mouth an increased fiow of the saliva. 

The sabmaxillary gland, 3, is situated inside the lower 
jaw at its lower part; and its duct, 4, opens into the 
itLonth at the side of the fnenum of the tongue. The sub- 
lingnal gland, ^, lies under the tongue, and discharges its 
secretion by ducts at the side of that organ. 

.,,!., Google 



86 * PHYSIOLOOT AND HTOIENB, 

109^ Action of the Salivary Glands.— These 

glands lire especially active when weare eating ; and it is com- 
monly estimated that, dnring an ordinary meal, about eight 
onncea ol ealiva are ponred into the month. This large 
amount is wanted to moisten the food thoroughly before it is 
swallowed; and it also has some chemical influence in pre- 
paring the food for the action of the gastric juice in the 
stomach. More saliva than ngual is needed, also, when we are 
speaking, in order to keep the parts properly lubricated, for 
the passage of the air in and out during speaking dries up 
the saliva by evaporation. And, accordingly, the motion of 
the parts at such times stimulates a larger flow, just as pres- 
sure on the cheek will do it, as before remarked. This result 
is favored by the course of the duct of the parotid gland, 
which, as you have seen, passes over one large muscle, and 
then through the body of another. 

Chewing excites an increased flow of the saliva; and the 
tobacco chewer does a real injury to the salivary glands, by 
keeping thein constantly in excessive operation, to say 
nothing of the ruinous effects of this drug on the system at 
large. 

110. Flow of Saliva affected by Sympathy, 
— It is supposed that, besides the mere mechanical stimulus 
of the motion of the parts, the stimulus of sympathy is also 
concerned in exciting these glands to increased action. The 
glands are supposed to be affected in this way by the stimu- 
lation of the food on the surface of the month, about the 
orifices of their ducts. That sympathy does have an influence 
on their secretion is evident from the very familiar fact, 
that the thought of food will often, as it is expressed, canse 
the month to water. 

111. Difference in the Character of the 
Saliva, — The fact that these glands do not all secrete the 
stune kind of fluid, has led to an interesting discovery in 
relation to them. The submaxillary glands secrete a viscid 
fluid, while that which is poured forth by the parotid and 
sublingual glands is perfectly hmpid. Now it has been 
found, by various observations and experiments on animals, 
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that while the teeth are cutting and grinding the food, and 
the parotid and sublingaal glands are ponring ont the saliva 
to moisten it, no eeoretion cornea from the sabmaxillaiy 
glands. 

Bat these glands ponr oat their viscid fluid the moment 
that the tongne thmats the food back towards the throat, 
in the beginning of the act of swallowing. The special ob- 
ject of this viscid fluid is then to cover the food, so that it 
may, to use a common expression, slip down easily into 
the stomach ; and it has nothing to do with the moistening 
of the food, this being the particnlar office of the other two 
pairs of glands. 

112, SwaHowtng.—Vfhea the food has been ground 
by the teeth, and moistened by the saliva, it is carried by 
the act of swallowing into the stomach. This act, simple 
as it may appear to yon, is a very complicated one, and is 
performed by the conjoined and agreeing action of many 
different mnscles. The food is first thmst back over the 
surface of the tongne into the large cavity in the back of 
the throat, c^led the pharynx. lato the pharynx two 
tnbes open— ^the asophagua or gullet, which is the passage 
into the stomach, and the trachea* or windpipe, the passage 
to the Inngs. 

As the cesophagua lies behind the trachea, the food, in 
passing to it, must go directly over the opening into the 
trachea. To prevent the food from entering the trachea, 
therefore, there is a little tongue-shaped body, called the 
epiglottis, extending back from the root of the tongue, and 
acting as a lid to ihe glottis, the opening into the trachea. 

When we are swallowing, this lid is shut down ; but it is 
always raised up when we are breathing or speaking. When 
we swallow, not only does the lid shut down, but the larynx 
rises to meet the hd, as yon may readily percare, if you 
place your fingers upon what is called Adam's apple while 

■ This term is sometimes need, as here, to meui the whole of the 
tuhe condactiug to the lim^.iacludiDg the laJTSi, which ia at the top 
of this tube, and sometimes it U teatiicted to that part of the tube 
which is below the latyns. 
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you are swallowing. In Pig. 54, you have a side view of the 
parts engaged in swallowing, as if the head were divided 
into two halves by a vertical section. At t, is the cavity of 
the nostril ; at ^, are the lips ; a is the divided bone of the 
chin ; b is the tongne, between which and the spinal colnmn, 
is /, the large cavity of the pharynx. In front of this cavity 
hangs the folate, g,aaa door or valve, to direct: the air com- 
ing from the trachea, d, either through the month or throngh 
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the nostrils, according to ite position. The cesophagna, e, is 
iKhind the trachea, and the epiglottis, e, shnts down when we 
Bwallow, to let the food pass over it into the cesophagne. In 
Fig. 55, yon have a view of the same parts from the rear. 
At 1, is a section of the bones at the base of the sknll ; 3, 3, 
are the cavities of the nostrils ; 2, 2, the walls of the pharynx 
spread apart ; 5, the pendulous palat* ; 6, 6, the arch of the 
palate ; 8, the root of the tongue ; 9, the epiglottis, and 10, the 
glottis, or opening into the larynx ; 13, the oesophagna ; 14, 
the trachea. The pharynx, yon see, is a funnel-shaped 
cavity, tapering down to the cesophagus, the opening of 
which is considerably below the opening of the trachea. 
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113. Action of the (Eso- 
phagus. — When the food en- 
ters the ceBophagus, it Ib carried 
through that tube into the stom- 
ach by the action of mnsctilar 
fibres. These fibres are represented 
in Fig. 56. The circular fibres are 
. seen at a and b. These are re- 
moved at c, BO as to show the 
longitudinal fibres. It is by the 
consent of action between these 
different seta of fibres that the 
food is propelled through the 



As the food descends, a dilata- 
tion of the circular fibres must 
ererywhere take place where the bb 

food is, and a contraction of them 
immediately behind it — the dilatation mak- 
ing the way for it, and the contraction forc- 
ing it along. And in animals that chew the 
cud, these actions force the food from the 
stomach into the mouth. 

114. The Gastric Juice.— The food 
being introduced into the stomach, is here 
subjected to the action of the gastric juice. 
This is a peculiar fluid, somewhat acid in 
its character, which is secreted by very min- 
ute follicles, or hag-like cavities, situated in 
the substance, of the mucous membrane. 
Ordinarily there is none of this fluid in the 
stomach when no food is there. Dr. Beau- 
mont made some very interesting observa- 
tions on this, as well as many other points, 
in the remarkable case which fell under his 
care. His patient, Alexis St Martin, had 
received a wound in his left side by the 
bursting of a gun. The wound, which 
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IaAid opkh. 
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opened into the stomach, never entirely closed, bnt an 
orifice remained, throngh which Dr. Beanmont conld look 
)nto,4nd observe what was going on in the stomach. 

He describes the mncons membrane, in its healthy state, 
aa having a velvet-like appearance, with a pale pink color, 
and as being covered with a .very thin, transparent, viscid 
mucns. On introdncing some food, or irritating the macoua 
membrane mechanically, he saw, by the aid of a magniff- 
ing glass, "innnmerable lacid points" projecting on the 
sarface, and from these exuded a pnre, limpid, colorless 
flnid. These points were the follicles which secrete the 
gastric juice, rendered turgescent by being stimnlated to 
action. 

115. Quantity of Gastric Juice. — The amount 
of gastric juice secreted is generally about in proportion to 
the amount of food which the necessities of the system re- 
quire. When the quantity of food taken is very much 
more than is required, there can not be a sufficient amount 
of gastric juice secreted to digest all of it; and some 
must therefore remain undigested, and will prove a source 
of irritation to the stomach. If the amount of food taken 
from day to day is not very excessive, but is only a 
little above the proper quantity, there will be enough 
gastric juice made to digest it; but the daily overtaxing 
of the powers of the secreting follicles will, after a while, 
produce derangement of the stomach, and perhaps perma^ 
nent disease. 

116. Function of the Gastric Juice, — The ac- 
tion of the gastric juice upon the food is of a chemical 
nature. In order that it may act effectually i)n all portions 
of the contents of the stomach, this organ is kept in con- 
stant motion by the fibres of its muscular coat These 
fibres are so arranged that, as they contract and relax, they 
keep up a sort of churning of the contents, and thus eSect 
a thorough mixture of them with the gastric jnice. In 
Fig. 57, you see these fibres represented. At 1, is the open- 
ing of the cesophagus into the stomach ; and at 4, is the put 
which opens into the intestina The fibres are in different 
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layers, numing in different directions. The ont»r peritoneal 
coat, 5, 5, ifl dissected off and turned back, showing some of 
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the fibres that mn lengthwise of the organ, 6 ; and some 
that run croBswise, 7 ; and others, 8, that ran obliqnely. 
You can readily see what effect the contraction of these 
different fibres will have on the shape of the atomach. The 
contraction of the longitudinal fibres, 6, brings the large, 
bulging end of the stomach, 2, and the small end, 3, nearer 
together. The transverse fibres, when they contract, di- 
minish the capacity of the stomach traneversely. And the 
obliqne fibres modify these two motions by tteir oblique 
action. 

117, Action of the Pylortis. — By the combined 
chemical and mechanical action of the stomach, its contents 
are, after a little time — in three or four honra — reduced to 
a uniform greyish, semi-fiuid maes, cfdled chyme. While 
this proceas has been going on, the communication between 
the stomach and the intestines has been entirely closed by 
a valve, called the pylorus. This is represented at 5, in 
Pig, 58, which presents a view of the inside of the stomafih. 
This valve is made of a fold of both the mucous and the 
muscular coats of the stomach. It is a vei? faithful sen- 
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tiael, as is indicated by its name, which is derived from two 
Greek words, signifying to guard the gate. It will not 
ordinarily permit any undigested food to pass it. 

While the prooesB of digestion is going on, the motions 
produced by tiie muacnlar fibres cause the contents to move 
about, and of course they are thrown against the pylorus, 
as well as any other part of the stomach. But the valre 
remains clos^, until some portion comes against it that is 
thoroughly changed to ohyme, and is therefore fit to pass 
on into the intestine. It opens to let this pass. 
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Toward the conclusion of the digestion of a meal, small 
quantities pass at first, and after a while, l^e contents pass 
quite rapidly throngh the valve. 

Although this Bentinel-valve thus perfomis its duty so 
faithfully in relation to Dutridve substances, it seems to let 
other substances pass very readily. Solid substances, swal- 
lowed by mistake, as buttons, pieces of money, the pits and 
skins of various fruits, often pass the valve without any 
trouble. The valve seems to be on duty as a sentinel only 
during the process of digestion ; and, if the attempt to go 
through with this process prove unavailing, the pylorus. 



though it let such haid sabetances as have heen mentioned 
pass without difficulty, resists the passage of the ondigested 
food, BometimeB causing maoh uneasiness, and even perhaps 
pain, b; so doing. In snch a case, either the valve after a 
time gives over its resistance, or, holding ont, the action of 
the stomach is reversed, and the offending matter is thrown 
off by vomiting. 

118. Bad Habits in Eating.— The process of 
digestion, as it has been described, is a regular process, re- 
quiring a certain average period of time for its completion. 
If, dnring the progress of it, fresh food be introdaoed, its 
regularity is broken in npon, and the process stops. Then, 
too, if, immediately after the completion of the process, a 
new supply of food be taken, harm is done, because the organ 
has not its needed interval of rest. For these reasons, the 
practice of eating between meals is a very injarious one. 

Eating fast does harm, because, — Ist^ the food is not 
sufficiently ground ; Sd, it is not mixed thoroughly with 
tiie saliva ; and, 3d, more food is taken than would be suffi- 
cient to satisfy the hunger if the iudividu^ ate slowly, and, 
therefore, more than can be easOy digested. Great variety 
in food stimulates the appetite unduly, and too much is 
consequently eaten. Moderate exercise, if it be not violent, 
facilitates digestion. An experiment was once tried upon 
two dogs, which was thought to prove that exercise hinders 
digestion. 

Two dogs were fed freely, and while one was left to lie 
still, the other was made to run about violently. Both dogs 
were killed after an hour or two, and it was fonnd that, 
while digestion had gone on thoroughly in the dog that was 
allowed to remain quiet, in the other the food was undi- 
gested. This only proved that violent exercise, taken im- 
mediately after eating, impedes digestion. It has been 
fonnd, on the other hand, that light exercise promotes the 
process ; and daily experience, among laborers, shows, that 
even very strong exercise does not interfere with it, if a 
httie interval of rest be allowed, so that the process may be 
fairly begun. 
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119. CatMCO/BMnffcr.— The eensation of hunger 
has been attribnted to various causes, — as the empty state 
of the stomach, the preseuce of the gaatric juice irritating 
the mnoouB membrane, &c. It cannot arise from empti- 
ness; for, if so, it should occur sooner than it does after 
eating, and should not, be absent in disease, as it often is 
for a long time, when the stomach ia almost entirely empty. 
It can not arise from irritation by the gastric juice; for 
it was found by Dr. Beaumont, in his observations of the 
stomach of Alexis St Mariin, that this fluid is not secreted 
till after food is introduced into the stomacK The cause 
of hunger is evidently in the state of the system. It is a 
state of want. 

Nutriment is needed by the formative vessels, the buQders 
and repairers of the systam, which make their wants known 
as distinctly as the bricklayer does, when he calls for more 
brick and mortar. Through the nerves, an impression is 
communicated to the stomach, and the sensation of hanger 
is the result. 

That the sensation resnlts from impressions made upon 
the nerves of the stomach is evident from the fact that it 
can be temporarily relieved' by patting indigestible sub- 
stances into the stomach. These produce the effect by 
causing other sensations, which take the place, for the time 
being, of the sensation of hunger. After, however, the mo- 
mentary effect is over, the sensation of hunger returns in 
ii» full force. The cause, then, of the sensation is in the 
system at Urge, but its seat seems to be in the stomach. 

If disease has impoverished the system, so soon aa the 
stomach ia in a condition to respond to the caU of the for- 
mative vessels that sot themselves at work to repair the 
waste, the hanger is often excessive. In order to have the 
sensation of hunger, not only must there be a want in the 
8yst«m at large, but the stomach must be in a state fitted to 
receive the notice of this want. And fortunately it is seldom 
in this state except when iu a condition to do its work. If 
it were otherwise, food would often be introduced when it 
could not be digested. 
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120. Sensations of Httnger Affected hy the 
Mind. — Mental impressions eometimeB incapacitate the 
brain for receiving the notice of the want of the system. 
In this case, the mental impression in the brain counteracts 
the impression conveyed from the stomach, and so neu- 
tralizes the sensation of hanger. Thus, grief often destroys 
the appetite for food. 

121. Thirst, — Nearly the same remarks can be made 
in ration to thirst, that have been made in regard to hunger. 
This sensation seems to have its seat in the &aces or throat. 
Its cause is evidently not there ; for the mouth and throat 
may be very dry, and yet there may be little or no thirst; 
while, on the other hand, there may be much thirst, although 
the mouth and throat are moist. The cause of the sensa- 
tion is, like the cause of hunger, in the system at large ; and, 
therefore, no local cause, producing a dryness of the throat, 
can cause thirst independent of a general condition. 

122. Arrangement of the Organs of Diges- 
tion, — Fig. 59 exhibits the organs of digestion as they pre- 
sent themselves in a front view, except that they are somewhat 
separated from each other, instead of being as closely packed, 
as they are in the abdomen. The large end of the stomach 
lies to the left side,* and at this end is the spleen. The pan- 
creas is behind the right end of the stomach. Above the 
stomach, and mostly to the right side, is the largest organ 
in the abdomen, the liver. In the Figure, it is represented 
as turned upward. The stomach is directly connected with 
the small intestines at the pylorus. At the end of this long 
and winding tract begin the large intestines. The duct of 
the gall bladder, and that of the pancreas, open into the 
small intestine at its beginning. 

The office of the spleen has not yet been ascertained. 
Keither has that of the worm-like appendage at the begin- 
ning of the large intestinea The omentum, or caul, which 
hangs like a curtain fi^>m the front part of the stomatJi down 
in front of the intestines, is not represented in the Figure. 

* As this is AfivrU fiew, the right nde of the Hgure ia the left ^de 
, of the bodf . 
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123. The MJesentery. — There is one arraDgement in 
the abdomen which most not pasa anuoticed. If the intes- 
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tines were left to lie loose in this cavity, they wonM con- 
staDtly be Bnbject to displacement and injury. They are 
therefore foetened to the backbone by an arrangement 
which aecnres them from any such accident, and at the same 
time allows of a suflBcientlj free motion of different parts 
of this tube. It is this. The inteBtinal tube makes the 
margin of a broad sheet of membrane, the other edge of 
which is gathered up aud fastened to the spinal oolunm. 
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The device ia like a raffle with a pnffed edging. The mem- 
braaoas sheet ia called the Daeeentery. As the intestiiial 
tabe, the paffed edging, is much longer than the raffle 
itself, the meeenteTy, it is gathered on to the raffle, ae a 
aeamstress wonld express it. Now, the meeenterj is com- 
posed of two folds of the peritonenm, the smooth, ^inio^ 
outer covering of the intestines. 

The arrangement will be easily understood by the diagram 
in Fig. 60, which represents a section of the intestine with 
the mesentery. The cavity of 
the intestine, a, is lined by the Pio- W- 

mucous membrane represented 
by the inner clrele. Next comes 
the muscular coat, and next the 
peritoneal, the enter, which, in- 
stead of making a cireular tube, 
aa the other two coats do, passes 
backward on both sides of the 
intestine, to make the mesentery, plut or the mebentbbt. 
b. After being attached to the 

spine by means of cellular tissue, it is reSected oCT to pass 
over other portions of the intestine, as seen at c, c. 

Between the two layers of the peritoneal membrane, in 
the mesentery, is considerable space, as seen at b. This 
space is filled up with blood-vessels, nerves, and lacteals with 
their small glands, soon to be described, all botind together 
by the common packing material of the body, the cellular 
tissue. Toa see, therefore, that the mesentery subserves 
more than one use. Besides fastening the whole tract of 
the intestinal canal to the spine, so as to guard it against 
accident) it acts aa a secnre medium for the passage of 
the •blood-vessels and nerves to the intestines. And, be- 
sides, it contains the little tubes which convey all the 
nutriment into the blood for the growth and repair of the 
body. 

124, Chyme, Chyle, — The chyrae, as it passes into 
(he small intestine from the stomach, has mingled with it 
the Inle anid the secretion of the pancreas. Theae an poured 
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into the intestine at the point represented at 6, in Fig. 58. 
These secretionB undoubtedly have some agency in separating 
the nutritious part of the chyme which is afterwards ab- 
sorbed by the innumerable small veesels, called }actealB, 
situated in the mucous membrane. This nutritious part 
of the chyme is a milky fluid, called the ckyU. The 1act«ala 
which absorb it are little tubes or ducts. These enter 
certain glands, called the mesenteric glands, and then pass 
on, as seen in Fig. 61, to pour their contents into Hie 
thoracic duct. 

Tio. 61. 



BBcnoM OF nrrasTiNB bhowiho the \MjrKiiA. 

13S- Tiioracic 2>i*c(.— This duct^ which is about the 
size of a common quill, running up on the left side of the 
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aorta, the great artery of tbe heart, pours its cont«iitii into 
the junction of two veins at the top of the chest The 
mode of the joining of this duct with these veins is calcu- 
lated to facilitate the discharge of the chyle. As the two 
large carreDte in the vein% v and t, in Fig. 62, unite. 



JUNLTIOII OF THB 

there is created, by the forward motioir of these currents, 
a tendency to a vacuum at the angle at which they meet, 
the point where the thoracic duct, t, d, opens. There 
is, therefore, a suction power, as it is termed, exerted upon 
the fluid in this dnct The chyle, thus mingling with the 
blood, becomes a part of it. 

136. Digestive Apparatus in Different Ani- 
mals. — The digestive apparatus varies much in diflerent 
animals, according to the kinds of food on which they live. 
As a general rule, the more the food differs in character 
from the animal itself, the more complicated and extensive 
is the apparatus. Thijs, the herbivorous animals have a 
very long alimentary canal, and the beginning of it, the 
stomach, is a complicated organ. While, on the other hand, 
in the camtvora, the flesh which they eat being very much 
like their own flesh, and, therefore, not requiring a very com- 
plex process of assimilation, the stomach is a simple organ, 
and the alimentary canal is very short. In the sheep, for 
example, tbe alimenlary canal is about twenty-eight times 
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the length of the body, but tbat of the lion only three times 
hia length. In maD, who lives oq a mised diet, the alimentary 
canal is about ais timea the length of the body. 

127. Digestion in the Sheep. — The stomach is 
more complicated in animals (hat chew the cud than in 
any others. It has fpur diEtinct cavities, and a singnlar 
mechanism is called into operation in managing the food as 
it passes through them. In Pig. 63, yon have a representa- 
tion of the stomachs of the sheep, as they appear exteriorly. 
As the animal crops the food, it passes into the first stomach, 
which is little else than a great reservoir to hold and soak 
it Then it passes into the second stomach, from which it is 
retamed into the month. On being swallowed again, it passes 
from the vesophagua into the third, and thence into the 
fonrth stomach. In Fig. 6i, yon see the interior of these fonr 
stomachs; and by the aid of this illnstration I will describe 
the process of digestion in the sheep more particnlarly. Yon 
see the very large first stomach, or paunch, in which the 
food is accumulated. It is not yet masticated thoroughly, 
for the animal hes swallowed it as fast as he conld, and 
packed it away in this reservoir. From this it is passed, in 
small quantities at a time, into the second stomach, the 
hotieycwnb, so called from the peculiar netWOT'k of folds in 
it. Here the food is rolled up into balls by theaction of the 
muscular fibres in this network. Each ball of food is passed 
up through the eesophagus into the mouth, where it is 
chewed and thoroughly mised.with the saliva. 

Then it is swallowed, and, as it passes from the oesopha- 
gus, instead of going into the paunch, as it did when swal- 
lowed the first time, it is directed through the groove seen 
in the Figure into the third stomach, the manyplies. This 
has many folds, like the leaves of a book, so that the food is 
exposed to a large surface in this cavity. It passes &om this 
to the fourth stomach, the reed. Here, and here only, it is 
acted npon by the gastric juice. This, therefore, is the true 
stomach, all the other cavities furnishing only preparatory 
stops to the tme process of digestion. It is from this fourth 
stomach that what is celled the rennet is taken. 
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the Bolid food anoUier. And, what \b still more Bingalar, 
while the animal is a enckling, the milk paseee into the 
fourth stomach through only the third, which has its folds 
so closed together as to form a mere tnbe to condact it to its 
destination. And the great paunch and the houejcomb 
are wholly useless until the animal begins to crop its food 
for itself. 

128. IHgetttive Apparatus in Birds. — In birds, 
the digestive apparatus is necessarily very peculiar, from the 
fact that they do not masticate their food. They have, on 
this account, an arrangement in the stomach itself for 
grinding the food. In the -cavity called the gizzard are two 
opposing surfaces, made very hard, so that by rubbing 
together they bruise the grains ; and while the food is thus 
ground, as between two millatonea, the gastric juice is 
poured down upon it &om above. This arrangement is 
seen in Fig. 65, which represents the digestive apparatus in 
the turkey laid open. 

At i is the gizzard, showing the two hard surfaces, which 
are mbhed together by the stout muscles that make the 
great bnlk of the organ. Above, at a, are the glands which 
pour forth the gastxic juice. And above this part of the 
stomach there is, in all grain-eating birds, a large sac bulg- 
ing out from the eesophagus, called the crop, which is a 
reservoir for the food, just as the p&nnch is in themmina- 
ting animals. In those birds that live on flesh or fish there 
is no such grinding apparatus. The walls of the stomach 
are quite thin, and it presents no hard surfaces. 

The kind of food, the mode of life, and the purpose 
which the animal is designed to fulfill, are the circum- 
stances which govern the variations of the digestive appa- 
ratus. The proportion which the digestive apparatus bears 
to other parts varies very much ; and in some of the 
lower orders of animals, the body seems to be all stomach. 
In such cases, the only appendages are those which seize 
the food and direct it into the orifice of this organ. This 
is the case with the hydra, represented in Fig. 1. And, 
what is very singular, the oatside of the body of this animal 
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is jnst as capable of acting as a stomach as its inside. For 
wben the creature is turned inside ont, it will go on catch- 
ing aDd digesting its food ae usual. 
Fie. 6S. 



STOHACH OF THE TUBKBT. 

But, wide as the Tariations are in the digestive appa- 
ratns of animals, the same object is aimed at in all — the 
assimilation of nutrient sabstaacea to the animal, to pro- 
duce a material from which its stmcture can be built aad 
kept in repair. There is, theisfore, much that is common 
to them all in the modes in which this object is accom- 
plished. And even the analog; which exists between tbo 
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animal and plant, in regard to assimilation, does not relate 
to the fact alone, but in some measure to the modes in 
which the process is effected. 
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CHAPTER VIII. 

CIRCULATION OF THE BLOOD. 

129. Apparatus of the Clreulation* — In ihe 

lagt chapter was described the manner in which the blood 
is made from the food. The blood, thtis prepared, is circa- 
hited in every part ol the body, that it may be need for the 
pnrposea of constraction and repair. The apparatus by 
which this is done acts, as we have seen, as the common 
carrier of the material which is used everywhere in the 
body by the laborers, the builders, to whom it is thaa 
bronght. 

This apparatus consists of several parts — a great central 
organ, the heart ; the arteries, the tubes by which the blood 
is conducted to all p&iia of the body ; the yeins, other 
tnbes, which bring the blood back to the heart ; and the 
capillaries, a network of exceedingly minute vessels, through 
which the blood passes as it goes from the terminations of 
the arteries into the beginnings of the veins. 

The blood goes from the heart through a large artery, 
called the aorta, which sends forth branches; and these 
divide and subdivide, so that the extreme arteries, through 
which the blood flows into the capillary network, are very 
minute. And the veins which receive the blood from this 
network to carry it back to the heart, are equally minute; 
but joining together, as they proceed toward the heart, 
they are at length all united into two great venous trunks, 
one from above and the other from below, which pour 
their contents inte this organ. 

The capillaries, taking their name from the Latin word 
capilla, a hair, are so small that they can not be seen 
by the naked eye. In any small cut, the blood which oozes 
ont comes ftxim mnltitndes of these vessels. They serve to 
hold the blood, while the formative cells, that oonBtntct 
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nod repair the body, may select snch materials as they need 
for fheir purposes. 

130. The Meart, — The heart ia a great central forc- 
ing and suction pump, in the midst of ttis circulating ap- 
paratus. When it contracts, it forces the blood out through 
the aorta and its branching arteries into all parts of the 
system. And when it enlarges or dilates itself, it, by suc- 
tion, as it is termed, fills itself with the blood returning from 
thesystem throngh the veins. 

1S1> The Arteries. — The arteries differ from the 
veins in their structure and arrangement. The arteries are 
tirm though elastic tubes, while the veins are lax in their 
structure. The object of the difference is obvious. As the 
blood is forced into the arteries by the powerful action of 
the heart, it is necessary that they should be strong and 
firm. 

When a dilatation does occur in an artery, it is called an 
aneurism. But the arteries need to be firm, not only for 
the sake of security against rupture, but also that the force 
of the heart may propel the blood to the extremities of the 
arterial system. If the arteries were lax tubes, like the 
veins, the impulse would soon be lost in the yielding tubes, 
and the blood would move very sluggishly in the small 
arteries at a distance from the heart 

What we call the pulse, is caused by this impulse. If the 
arteries were lax tubes, the pulse would not be felt at any 
great distance from the heart Instead of being distinct, 
as it now is, with every beat of the heart almost to the very 
extremities of the arterial system, it would be rendered con- 
fused by the yielding of the tubes, even quite near the heart, 
and at a distance from that organ it would be entirely lost 

Besides the firmness of the arteries, there is another cir- 
cumstance which favors the free Sow of blood through 
them. It is their mode of division. The branch of an 
artery leaves the main trunk at a sharp angle, making thus 
only a alight deviation from the direction of the main cur- 
rent ; while, on the other hand, in the veins where the cur- 
tent fiows in an opposite direction, the branch unites with 
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the tmnk at tieai;ly a right angle. This difference ia repre- 
sented in Fig. 66 ; 1 being the ortety, and % the vein. 
Fid. 66. 




132. The Veins. — The venona syBtem has a much 
greater capaoity than the arterial. That is, all the veinB of 
the body are together capable of holding more blood than 
all the arteries are. And the blood moves very rapidly and 
directly from the heart through the arteries, but comes 
back to the heart quite slowly through the veins. Every 
thing is arranged to promote this rapid circulation throagh 
the arteries, while the Tenons system ia calculated for a slow 
but snre progress of the blood back to the heart. 

To secure this, valves, made of folds of the inner lining 
of the veins, are so arranged as to prevent the blood from 
flowing in the wrong direction. Fig. 67 representa a vein 
cut open so as to show these valves. A shows the valvea aa 
they appear when the vein is Imd open and spread out; B, 
as they appeM* when the vein is aimply laid open ; and C 
repreaenta the appearance of the outside of the vein where 
there are valves. The need which there ia of this help to 
the circulation through the veins is obvious. The suction 
power of the heart is not competent, unaided, to move the 
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blood thronghont all the lax venous system. These pocket- 
like vftlveB, therefore, are made in the veins to assist the 
oircnlatioD there. 

Fia. 67. 




■Every movement of the muscles or other parts about the 
veins teuds to keep the blood in motion, and the valves 
serve to prevent this motion from taking the wrong di- 
rection. The diSerenoe in forae and velocity with which 
the blood moves in the arteries and in the veins, is made 
manifest when they are wounded. The blood flows from a 
wounded vein in a slow and steady stream. From an artery 
it Sows rapidly, showing the impulse of the heart in it£ jets, 
which correspond exactly with the pulse. Hence comes the 
danger in wounding an artery, while the wound of a vein ia 
ordinarily attended with no danger. 

ISS. Protection to the Arteries.— Accor&mglj, 
we find the arteries so pUced, that they can not easily be 
wounded, while many of the veins are quite freely exposed. 

The arteries are deeply seated, except in some few cases 
where this is impoasible ; bat the veins are often super- 
ficially situated. You can see this, for example, in the bend 
of the arm. Some large veins appear there just under the 
skin, while the artery which supplies the arm is embedded 
among the muscles and tendons. In every part of the body, 
the most secure spot is chosen for an artery. Thus, at the 
knee-joint, the artery, instead of running over the sur&oe 
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of bone, where it would he liable to be wonnded, lies deep 
in the ham at the rear ot the joint The same is true of 
the elbow-joint, just allndcd to, and of other parts of the 
body. Although there are arteiiea everywhere, they are uni- 
formly BO deeply seated, that it is only in a few locahties 
that you can readily find one. You ean feel one pulsating at 
the wrist, and another on the temple. 

134. Mode of Stopping a Bleeding Artery. — 
It will be proper here to give some practical instruction, 
in regard to stopping the flow of blood from a wounded 
artery ; as many lives have been lost from the ignorance of 
bystiuiders when snch accidents have happened. Envelop- 
ing the part in cloths, which is bo commonly done at such 
times, does no good, but only servea to catch and conceal 
the blood as it flows. 

Pressure upon the art«ry, on tiiat side of the wound 
which is toward the heart, wiU of course interrupt the supply 
of blood from this organ to the wound. Firm pressure with 
the thamb will do it But the pressure must be made at the 
right point, that is, directly upon the artery. You may not, 
in all cases, press npon the right spot at once. If you do 
not, the blood will continue to flow. In this case press at 
different points, until you find the point at which yon see 
that pressure stops the flow of blood from the wound. But 
you may not be able to find the right spot If you can not 
yon can tie a slip of strong cloth or a handkerchief around 
the limb above tiie wound, and twist a stick in it until the 
bleeding stops. In one or the other of these ways, you can 
prevent the loss of blood until the sni^on arrives to take 
charge of the case. 

135. CommunieattoH between ArteHe8.—A.\- 
though there is no such free communication between 
arteries as exists between the capillaries, there is some 
amount of communication, and particularly in certain parts 
of the body. And it is well that it is so, for it sometimes 
helps the sni^eon to save a limb, when he could not do it 
if there were no communication. 

An artery has three coats, one ot which is a strong fibroos 
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one. When this is thinned or ruptnred, the other two coats 
bulge out, forming a pDlEating tumor. And, as the blood 
is constantly pumped into this bj the force of the heart, it 
enlarges, and at length it may burst, and the life of the 
patient be destroyed by the loss of blood. When an anea- 
rism formed in a limb, as for example in the ham, the 
purgeon, in former times, used to save the life of the patient 
bj amputating the limb above the aneurism. Putting a liga- 
ture round the artery above the aneurism would of course 
stop the flow of blood into it ; but it was supposed that the 
limb would die, in that case, from the want, of a proper • 
supply of blood. 

But it was found, at length, that this was not so; and 
surgeons now, in such cases, cure the disease, and save the 
limb too, by tying the artery. Immediately atter the opera- 
tion the limb is cold, and there is plainly very little circula- 
tion in it. But in a few hours the circulation becomes free, 
and in a little time it is as well established as ever. This 
is effected by the communications which exist between the 
branches which go off from the artery above the aneurism, 
and those which go off below it It is obvious, however, 
that thia would not be thoroughly effected if no change 
took place in the size of the communicating arteries. But 
this change does occur. Some of them become enlarged to 
meet the necessity of the case. 

This is a most interesting fact; and so is also the fact — 
that these communications between branches of arteries are 
very common in the neighborhood of those places in the 
body where aneurism, from strains produced by violent and 
sudden motion, is peculiarly apt to appeal*. This same pro- 
vision avails, of course, when aneurism is cured by pressure 
made upon the artery above it, a measure which modem 
surgery has found in many cases to be as effectual as tying 
the artery. 

136. Action of the Heart Illustrated— There 
have been great differences of opinion among physiologists 
in regard to the proportionate amounts of agency that the 
different part^ of the apparatus have in carrying on the cir- 
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eolation. The heart manifeatly exerts the chief agency, 
hoth by its forcing and its Bnction power. You can get a 
clear idea of the manner in which it exerts these two forces 
in this way : Fill a hall of india-mbher, to which a tube is 
attached, with water, and immerse the tube in a vessel of 
water. If you press the sides of the ball together, some of 
the water is forced out into the vesseL This represents the 
contraction of the heart If, now, yon allow the ball by its 
elasticity to resume its round shape, the water rushes into 
it from the vesseL This represents the dilatation of the 
heart 

The dilatation of the ball results from its elasticity ; and 
it is supposed by some that the dilatation of the heart 
results from the same cause, its contraction alone being 
produced by muscular action. Whether this is so or not, 
the dilatation is an active one, and the blood mahes into the 
heart from the yeins by auction, as it is termed. The dila- 
tation is ao active that, as has been shown by experiments 
on animals, even a great amount of pressure is not able to 
prevent its taking place. 

137. Action of the Capillaries. — But, great as 
the ^ency of the heart is, it is not true that it is the only 
moving power, and that the arteries and veins are mere 
passive conducting tubea. There are various phenomena 
which show that the arteries, the capillaries, and even the 
lax veins, exert a considerable ^;ency in circulating the 
blood. We will merely allude to some of these phenomena. 

Determinationa of biood to particular parts show that 
the blood-vesaela have an active agency in the circulation. 
In inflammation of any part^ there is an increased activity 
of the particular portion of the circulating apparatus sup- 
plying that part In the act of blushing, there is a local 
activity of the circulation somewhat independent of the 
heart This is alao true of the circumscribed flush of 
hectic 

138. Circulation i/n the lAver. — There ia one 
portion of the circulation in which the active agency of 
the capillariea is especially manifest The veins, receiving 
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the blood from all parte ot the body, at length are all 
united into two veina, which empty their contents into the 
heart. But there is a very remarkable exception to this. 

The veins which collect the blood from the viscera in the 
abdomen nnite in one large tmnk, called the vena portte ; 
and this, instead of ponring its contents into the large vein 
that goes np to the heart, divides, like an artery, into 
branches, which take all this blood to the liver for the 
manufacture of bile. Fig. 68 represents this circulation 
of the vena portse. 1, 1, are the veins coming from the 
intestines; 3 is the trunk of the vena porta; and 3, 3, are 
branches of it distributed in the liver. 



CtRCULATIOK OF VENOrS BUMD IN THE LIVKK. 

There must be, in this case, some propelling power in 
the capillaries, and some, also, in the veins. If there 
were not, another subordinate heart would obviously be 
needed in the vena portee, to pump np the blood from all 
the veins of the abdominal viscera, and then to send it 
through all its branches into the capillaries of the liver. 
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139. Whj/ the Veins are Full and the Arteries 
Empty after Death. — The veinB have a less active 
agency in the circulation than any of the other parte of 
the apparatus. It is for tbia reason that commonly after 
death the veins are found qoite fnll of blood, while the 
arteries are nearly empty. The apparatuB of the circula- 
tion may be reguded as forming a circle of organs in this 
order — the heart, the arteries, the capillaries, and the veins. 
The hlood is constantly going the rounds of this circle. 

It is plain that, as the apparatus is about to stop, there 
must be an accumulation in the weakest, least active, and 
most relaxed of this circle of organs. The arteries and 
oapillaries force the blood into the veins to the last moment 
■ot life. This effect probably extends no further than the 
smaller veins; but the heart, by its active dilatation, dram 
the blood from them into the larger veina And as these 
two forces, at the two ends of the venous system, are at 
work up to the last moment, the whole of this system is 
filled with blood. 

The fact that the large arteries are commonly found 
nearly empty of blood after death, gave the ancients the 
idea that air circulated in arteries, while blood circulated 
in veins. Hence the name, artery, is derived from two 
Greek words, signifying to hold air. And hence, also, by 
long established custom in common language, the blood is 
spoken of as mnning in onr veins ; and it would sound 
strangely if, in common and eapeciaUy in poetical language, 
we should apeak of it as mnning in our arteries also. Al- 
though there were from time to time some glimpses of the 
true idea of the circulation, it was not really developed and 
demonstrated till about two hundred and fifty years ago. 

140. Cfutnges wrought in the Blood. — A step 
farther in the development of the plan of the circulation will 
now be taken. We have seen that the office of the arteries is 
to conduct the blood to the network ot capillaries, and that 
in the capillaries the blood has reached its place of destinit- 
tion where it is to be used. The formatiTe cells, appended 
to the capillaries, take from the blood what they need for 
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their yarionB purposes, and at the same time there is added 
to the blood refuse matter from the waste of the tissues. 

The blood, then, is changed while it ia in the capillaries. 
In the arteries it was red ; but, after passing through the 
capillaries, it appears in the Teina of a purple color. It 
is also ss much changed in other properties. It is no 
longer fitted to noariah the body. It would even prove a 
poison to any organ into whose capillaries it should flow. 
If, for example, it, instead of bright arterial blood, should 
be sent to the brain, that organ would cease to do its office ; 
insensibility would ensue, and life would soon be destroyed, 
if the flow of red blood could not be established. 

141. Change takes place in the Lungs. — This 
purple blood, which comes back to the heart from the 
capillaries by the veins, must, therefore, be in some way 
changed to red blood, before it is agaiu sent all over the 
system through the arteries. This change is effected in 
tie lungs. As the purple blood returns to the heart, it is 
sent by the heart to the lungs, in order to be exposed to the 
air before it is sent again over the system. For this purpose 
there is a second circulation, and the heart is made a double 
organ ; or rather, there are in effect two hearts for the two 
circulations, for the two sides of the heart have no com- 
munication with each other. The apparatus for all this is 
very eompUcated, but it can be made clear to you. 

142. Course of Circulation. — IHrst examine dia- 
gram 69, which is intended to represent merely the course of 
the circulation, without regard to proportionate size of parts, 
or to minutiEB in the arrangement of the apparatus. Let a 
represent the right side of the heari, c the left aide, ft the 
lungs, and d the general system of the body. The arrows 
show the direction in which the blood flows. In all the 
shaded part the blood is venous or purple, and in the part 
not shaded it is arterial or J*ed. We will now trace on 
the Figure the course of the circulation. We will start at 
a, the right side of the heart. The blood received here, of 
a purple color, from the whole body by the veins, is sent by 
the heart to b, the lungs. Here it changes to red blood, 
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and passes by veios back to the heart — but, observe, it is to 

the left side of the heart, c. It is now eeat by this left 

half of the heart to all parts of the system, represented by 

Fig. 69. 
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d. Here, in the capillaries, it ia changed to purple blood, 
and goes back by veins to the right side of the heart, a, the 
place where we started. 

143. Two Circulations an^ Two Heav^.— 
You see, then, that there are two separate circulations, one 
through the general system, and the other through the 
longs alone. In both circulations the blood is sent from the 
heart by arteries, and is brought back to it by Teius. But 
notice that, while in the general cixculatiou the red blood 
is in the arteries, and the purple in the veins, in the circa- 
lation through the lungs this is reversed — the red blood is in 
the reins, and the purple is in the arteries. So, also, while 
the change of the blood in the capillaries of the general 
system is from red to purple, in the capillaries of the lungs 
it is from purple to red. 

144. Valves. — There are not only two sides or halves 
of the heart, separated entirely from each other, but each of 
these sides has two apartments, with valves or folding-doors 
between them, so arranged that the blood can pass one 
way through them, but not the other. There are also 
valves at the bcginniag of the great artery of the heart, the 
aorta. These are ao arranged that the blood can go freely 
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out of the heart into the artery, but not a drop can get back 
from the artery into the heart. There are eimilar valves, 
also, at the beginning of the great pulmonary artery by 
which the purple blood ia eeat from the heart to the lungs. 
In Fig. 70 is represented a section of the right side of 
the heart, for the purpose of giving you an idea of the 
relative size and position of the two apartments. The 
auricle, a, so called because a part of it has some resem- 
blance to an ear, receives the blood from the whole sys- 
tem by two large veins, i, b, called the 
Fio, 70. ven(B cava. From the auricle it passes 

" into the ventricle, v, which by its con- 

tractions sends it to the lungs throngh 
the pulmonary artery, /. The valve be- 
tween the auricle and ventricle is com- 
posed of three membranous sheete, which 
are held at their edges by small tendinous 
cordSf (f, just as a sail is held by the ropes 
^ at its comers. This valve permits the 

THE HEABT. ventricle ; but when it attempts to pass 

back from the ventricle to the auricle, 

it pushes back the sheets of the valve until their edges meet 

in the center, they being prevented from going too far back 

by the tendinous cords. 

There are also valves at e, the beginning of the pulmonary 
artery, which allow the blood to pass through them into 
the artery, but no blopd can pass through them from the 
artery back into the ventricle, 

145. Relation between the Auricles and 
Ventricles. — The auricle and ventricle act in this way 
in propelling the blood. When the auricle contracts, the 
ventricle dilates* to receive the blood from the auricle. The 
valves between them are open while this is taking place. 

• This dilatation is an mrfiM one, as waa etated in 1S6, when speaking 
of the heart as a whole. The ventricle does not dilate becaase the 
blood ia foioed into it, bat the blood nuhee into it becMiac^ it dilates. 
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But the nest moment the Tentricle contracts and tho 
auricle dilates. If the valves between them should now be 
open, the blood would be forced back into the auricle. But 
the meinbranoua sheets of these valves shut upon each 
' other as the ventricle contracts, and thus prevent the blood 
from going back. It therefore is discharged tbrongh tho 
pulmonary artery,/, the valves there being open. When 
the ventricle dilates, the blood wonld, from suction, eater 
it from the artery as well as from the auricle, if the valves at 
the orifice of the artery should remain open. They are ac- 
cordingly shut when the ventricle dilates. 

When, therefore, the auricle dilates and the ventricle 
contracts, the valves between the auricle and ventricle are 
closed, and those at the mouth of the pulmonary M^ery 
are open ; and, on the other hand, when the ventricle dilates 
and the auricle contracts, the valves between them are open, 
and those of the pulmonary artery are closed. 

Dr. Ca^^nter has a very good illustration of the relation 
of the actions of the anricle and ventricle, in a representa- 
tion given in Fig. 71. The apparatus which is represented 
consists of two pimipe, a and b, the pistoDs of which move 
up and down alternately. These are connected with a pipe, 
c,f, in which there are two valves, d and e, opening in the 
direction of the arrows. The portion c of the pipe repre- 
sents the venous trunk discharging its blood into the heart, 
and the portion /, the artery which is the outlet for tho 
blood. The pump, a, represents the auricle, and the pump, 
J, the ventricle. When the piston in a is raised, the fluid 
enters through c to fill it by suction, as it is termed. When, 
now, its piston is lowered, the fluid is forced through the 
valve d into the pump, b, (which represents the ventricle,) 
whose piston is at the same time raised to receive it. And 
when the piston in & is lowered in its turn, the fluid being 
prevented from returning into a, by the valve d, is forced 
through the valve e into /, representing the discharging 
tube, the artery. At the same time, a fresh supply of fluid 
is received into a by the raising of its piston. 

The auricle and ventricle of one side of the heart, the 
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right side, have been described. The left Bide is constmoted 
Yery macb in the same way. Yon tIU observe, in Fig. 70, 
that the Tentricle is much more capaciouB than the auricle. 




The auricle is indeed the aDtechamber to the ventricle. 
The ventricle, too, has much thicker walla. It is made 
very strong, because it does the principal pari; of the work. 
The size of the whole heart is about that of the closed hand 
of the individual. 

146. Valves of the Aorta. — ^Yonr attention is now 
called to a more pari;icular view of the valves of the heart. 
We will take, first, the valves which are at the beginning 
of the aorta, the great artery of the body, going out from 
the left ventricle. These are very much like the valves of 
the veins seen in Pig. 67. There are three of them. They 
are like little pockets arranged around the orifice of the 
artery, and looking toward the tube of the artery. 

Of course, when the ventricle contracts, and forees the 
blood into the artery, these pockets are pressed by the blood 
flat against the sides of the artery. Bat when the ventricle 
dilateS; and the blood attempta to go back from the artery 
into the ventricle, it gets into these pockets, and bulges 
them out toward the heart, and thus the mouth of the 
artery is closed. But if these pockeHike valves had plain 
carved edges, they would not cdect a perfect closure. There 
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woTild be a little ap&ce in the veiy middle of the orifice of 
the artery which wonld be left open. This ia made plain 
by Fig. 73, which represents the orifice of the artery with its 
closed valves, as it would appear seen 
from the interior of the heart, if the "' 

three valres had plain curved edges. 
There wonld be a space left between 
them. But this difficulty is remedied i 
by a very simple contrivance. A little j 
fleshy projection is placed npon the ' 
middle point of the edge of each valve, 
of sneh a size that the three projec- 
tions together jnst fill the space A. 
When, therefore, the valves are closed, no blood can go 
back from the artery into the ventricle. This arrangement 
is shown in Fig. 73, in which the aorta, a, is laid open and 
spread out, so as to show the three valves with their 
projections on the edges. At b and c, are the openings of 
the two arteries that supply the walla of the heart with 



VALVBa OV THH AOETA. 

blood for their growth and repair, for the heart is con- 
structed and repaired from its own blood. The valves at 
the orifice of the pulmonary artery are airanged in the 
same manner as those which are at the orifice of the aorta. 
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i^fy. Arrangement of the Valves between the 
Auricles and Ventriclea.—The: Talvea wMch are 
between the auricles and the ventricles, ore folds of strong 
white membrane, their edges being held by numerous 
small tendinous cords. And these cords are manned, as we 
may express it, by mnscles attached to the walk of the 
heart The office of these mascles is to hold on to the cwda 
that are fastened to the edges of the valves, and prevent 
these sheets of membrane from flapping back too far when 
the powerful ventricle contracts. If this were not done, 
the consequence would be, that when the ventricle contracts 
with prodigious force, as sometimes occurs when ttte circn- 
lation is in a state of great excitement, the light tendinous 
fastenings would be ruptured by the pressure of the blood 
upon the valves. As arranged, however, the strong but 
yielding muscular bundles, to which these tendons are 
attached, regulate with great exactness the closing of the 
valves. 

lis. iVo Valves at the Openings of the Venm 
Cavw, Why ? — In looking at Fig. 70, observe that, while 
there are valves between the auricle and ventricle, and at 
the mouth of the artery going out from the ventricle, there 
are none at the openings of the two venm cava, the veins 
that pour their contents into the auricle. Why is this ? 
Why is there no need of valves here to prevent a regurgita- 
tion into these veins when the auricle contracts? It is 
because that, aa the auricle contracts, there is at the same 
time the dilatation of the strong ventricle, making, of 
course, a suction in that dii'ectiou so powerful as to counter- 
act most fully any tendency to regurgitation into the veins. 

149. General View of all the Parts of the 
Meart. — Having thus examined the heart in detail, you 
are now prepared to look, at it as a whole. Fig. 74 presents 
a front view of the heart, in which a is the right auricle, 
receiving the purple blood from the whole body by two 
large veins, h and i, called the vena cava ; i is the right ven- 
tricle, that receives the blood from the right auricle, and 
sends it to the Inngs by the pulmonary artery, /; e is the 
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left avricls, which receiveB the red blood from the lungs, by 
the pulmonary veine, g, g, g ; d ia the left ventricle that 
receiveB the blood from the left auricle, and sends it all 
over the body through the aorta, e. 

Yoa observe that yon see hnt a part of the left auricle 
and ventricle, they lying partly behind the right rentricle. 
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Yon do not see the very beginning of the aorta, for, as it 
rises from the left ventricle, it is at first concealed behind 
the top of the right ventricle and the beginning of the pul- 
monary artery. It then forme an arch, from which it sends 
forth brsncheB to the bead and upper extremities ; and it 
afterwards passes down behind the heart, to supply with its 
branches the trunk of the body and the lower extremities. 
6 iV^lc 
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In the line of division between the two Tentricles, b and d, 
yon see one of the coronary/ arteries, as they are colled, which, 
coming from the beginning of the aorta, supply the walls of 
the heart with blood. ■ 

130* Course of the J^lood through tite differ- 
ent Cavities of the Heart, — To make jou qnite ia- 
miliar with the relations of the different parts of this com- 
plicated organ, and with the conrse of the blood through its 
difi^ient apartments, in Fig. 75 is given a map of tlie 
FiQ. 75. 
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heart, with the names placed npon the parte. The dark 
hlood is received from all parts of the body by the venm mvm — 
from the parts above by the descending cava, and from the 
parts below by the ascending cava. These veins pour the 
blood into the right auricle. From this it passes into the 
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right Tentricle, which eeacU it by the pnlmonary arteiy to 
the langs. From the lungs it retams by the pulmonary veins 
to the left anricle. It then paases into the left Tentricle, 
&ont which U is sent by the aorta to all parte of the body. 

ISl. jRelation of the Seart to the Lungs.— In 
Fig. 76 is represented the heart, fdtaated between the two 
lunga, with the arteries which carry blood from it, and the 
Teins which ponr their blood into it The Inngs are repre- 
Bented as being drawn apart to the right and left in ^nt, so 
as to expose fally the heart and its vessels. The sac con- 
taining the heart, and the packing cellular tissne, are re- 

Fio 78. 
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moved, so as to lay the heart and its vessels bare. At a is 
the trachea or wind-pipe; on each side of it are the two 
arteries, the carotids, which go to the head ; c is the artery 
which goes to the arm ; i, i, are the jugular veins coming 
from the head, d, d, the veins from the arms, all emptying 
their contents, aa you see, into the descending cava; e is the 
right auricle, receiving the blood from the two cavas ; / the 



I'ii PHYSIOLOGY AHD HYGIEHE, 

aecending cava ; g the right Tentricle, i the left rentricle, 
and h the desceDding aorta. 

152, Causes of the two Sounds of the Heart. — 

The harmony of action between the two sides is preserved 
Ifj having the two aaricles act together, and the two ventri- 
cles act together. And this action produces two sonnds, 
which may be heard by applying the ear to the left side 
of the chest. The first sound is rather a prolonged and 
heavy one, the second is light and qnick. The lirst 
Bound occurs when the strong action of the heart is per- 
formed, that is, when the ventricles contract It is owing 
to several causes. One of these is the impulse of the heart 
against the walls of the chest. 

Another is the flapping together of the valves between the 
auricles and the ventricles, to prevent the blood from re- 
gurgitating into the auricles, when the ventricles contract 
to force out their contents. The light and quick second 
sound is cansed principally by the flapping together of the 
valves at the mouths of the aorta and the pulmonary artery 
when the ventricles dilate. The pulse is produced by the im- 
pulse given to the blood by the contraction of the ventricles. 
There ia, therefore, a pulse in the arteries of the circulation 
through the lungs, as well as in those of the circulation 
through the general system. Wherever there is an artery 
there is pulsation. 

153. Movement of the Meart as a Whole. — The 
impulse of the heart against the front wall of thp chest on 
the left side is easily explained. The aorta, in going from 
the heart, makes an arch upward and backward, to go down 
in front of the spine ; and it is the tendency to straighten 
out, produced in this arch by the force of the blood thrown 
into it by the ventricle, that causes the throwing of the heart 
forward by a spring. This is easily seen as illustrated by 
Fig. 7?, in which a ia the spinal column ; b, the front wall 
of the chest; d, the heart; and c, the arch of the aorta. 
"When the heart throws the blood into this arched tube, 
tends to straighten it; bnt as the aorta is fastened to the 
fixed spine behind, there can be no impression mad^ in 
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that direction. The etraightening of the arch mnat there- 
fore occur in the other directioD, to the front; and the 
heart la thrown a little forward, as represented hy the dotted 
lines. The change of position thus prodaced is indeed bat 
slight, bat it is anfflcient to canae the 
impnlae. 

154. Pericardium. — The 
heart is inclosed in a sao, called the 
pericardium, which, at its npper part, 
ia fastened all aronnd the vesaela that 
proceed from the heart. Thia sac is 
lined on the inside by a serous mem- 
brane, which also lines the ontaide of 
the heart, being reflected over npon it 
from the pericardium. This mem- 
brane forms, therefore, a aac without 
any cmtlet. This is made phun by 
Fig. 78. In this diagram, showing the pUin of the serous 
membrane of the pericardium, a, a, are the auriclea ; v, v, the 
ventricles ; b, c, the veasels proceeding from the heart ; p the 
serous membrane lining the outside of the heart ; p', the same 
membrane reflected ^m the upper part of the heart and 

Pig. 7& 
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covers the inside of the pericardinm. Now, this sac is kept 
moist by a fluid einding &om its 'whole surface, so that, 
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as that part of it which coTers the outside of the heart, in the 
motions of that organ, mbe against that part which lines the 
pericardium, the lubrication prevents any injury &om the 
friction. This lubricating fluid is continually renewed, the 
exhalante and the absorbents balancing each other in their 
action. When the exhalants secrete more fluid than the ab- 
sorbents can take up, the excess accnmnlates, making what 
is called dropsy of the heart 

155t Action of the Heart Involuntarjf, — The 
heart, as yon have seen, is a complex arrangement of muscles. 
And these muscles are wholly involuntary ; that is, they are 
not at all under the direct control of the wilL Ho one can, 
by an exercise of the will, make his heart beat slower or 
f^ter. As will be seen in another chapter, this organ is kept 
at work by its nervons connection with the spinal marrow. 
It has no repose, as the voluntary mnscles have, unless you 
call the intervals between the contractions and dilatations of 
its several parts intervals of repose. 

The amount of work which it does in a lifetime is enoi^ 
mouB. The heart of bji adult beats, that is, each one of the 
four chambers of this organ dilates and contracts, about 70 
times in a minute. This would make 100,800 times in 24 
hours, 36,793,000 times in a year, and 2,575,440,000 times in 
a-life of 70 years. In children, the action of the heart is 
much more rapid, and in disease it sometimes reaches in 
them 160 or even 200 beats in a minute. 

The two cireulations of the general system and of the 
lungs are ever going on. The blood is ever moving in all 
the cavities of the heart, in every artery, and vein, and 
capillary. It never stops till it is arrested by death. 

NOTB.— The heart moves in an oidioary lif etime, more than a quarter 
Of d mlllloii of tons of blood. It Cftu raise its own weight 20,360 feet in 
an hour. An active climbeT can accompliali only 4,000 feet an honi, 
or one-twentieth of the work done by the heart, while the best locomo- 
tive can laifle its own weight through only 2,700 feet in the same time. 
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CHAPTER IX. 
RESPIRATION. 

ISG. Organs of Respiration. — The langs are 
spongy bodies, fiUing ap a large part of the chest, and enr- 
ronnding the heart. They are, in oommon langaage, the 
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l^hts ; and yon can leam what they are in man by observing 
the lights of other anicnala. They are composed chiefly of 
air-tubes, air-cells, blood-vessels and nerves, packed together 
witli the common packing material of the body, cellnlar 
tissue. The spongy lightness of tlie lungs is owing to the 
air-cells or vesicles. You can get some idea of the propor- 
tion of these cells to tho solid part of the organs if you in- 
flate the lungs of some animal, as the ebeep or calf, by blow- 
ing into the windpipe. These cells are exceedingly minute, 
and in them a marked change is effected in the blood. 

The capillaries holding tho blood, branch out on the walls 
of the cells, and the blood ia acted upon by the air through the 
pores of. the vessels. The process of respiration introduces 
the air freely into these cells. Tlie air enters through the 
windpipe, which branches out into tubes called bronchia 
which divide and subdivide, till they beoome very minute, 
and then end in the air-cells. These cells are estimated to 
be abont the T^th of an inch in diameter. Some calcula- 
dona have been made in regard to the extent of surface 
which they would all m.iko if they could be spread out in 
one sheet. There is of course no great accuracy in such cal- 
culations ; but we can readily see that the aggregate surface 
must be immense, and, therefore, the blood is thus very ex- 
tensively exposed to the action of the air. In Fig. 79 is 
represented the lung of one side, d ; the branches of the bron- 
chi of the other lung, c, at the lower part of which, e, they 
are represented as they branch out minutely to open into the 
air-cells ; b is the tmohea or windpipe, and a is the larynx 
at the top of it It is through a chink called the glottis, in 
the larynx, that all the air passes as it goes into and out 
from the lungs. This will be particularly described here- 
after, 

J37. Relative SitunHon of the Heart and 
I/itnffs. — In Fig. 76, in the last chapter, yon see repre- 
sented the relative situations of the heart and lungs, the 
lungs being somewhat separated, however, from the hearty 
to the right and left, in oiiler to show that organ fiilly. In 
their natnnil position they are close to the heart, and cover 



up all of it, except a small portion in front and to the left 
side, where ita beating is so plainly felt Both the heart 
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and the langs are enspended in the chest to the upper part 
of the walls of this cavity, and are fastened also to the spinal 
column in the rear. The Urge vessels of the heart, and the 
bronchi of the lungs, serve as the prineipal means of sus- 
pending these organs, as is shown in the Figure. 

138. Pleura. — The lungs are covered by a white, 
shining membrane called the pleura, which also lines the 
inside of the walls of the chest. This is always kept lubri- 
cated by a watery fluid, so that, as the lungs expand and 
the chest moves, the friction will be attended with no incon- 
Tenience or injury. 

139. The Ziun^a Tiot Connected to the Walln 
of the Cheat. — You may perhajts ask why, as the lungs 
follow tlie walla of the chest in ita expansion, they could 
not have been fa.stened to these walls throughout their whole 
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eurface. The principal reason probably is that^ if this were 
the case, the intimate vaecnlar connection which would 
exist between the walla of the chest and the lungs, would 
expose the delicate textnre of these organs more frequently 
to injury from external violence. As it is now, the effu- 
sion, or the inflammation, consequent upon a blow on the 
chest, is not apt to affect the lung in the neighborhood, 
because it has no direct connection with it by nerves and 
blood-vessels. , 

160, Mechanism of' Breathing.— Yon are now 
prepared to see by what mechanism the air is alternately 
introduced to and expelled from the lungs. The chest 
incloses a large space, which can be made much greater by 
certain movements of its walls. 

It is tills expansion of the cavity of the chest, effected by 
certain muscles, which causes the air to rush into the chest 
through the trachea, just as air rushes into the bellows 
when the space within is enlarged by the separation of their 
walls. 

In Fig. 80 is shown the framework of the chest. At h, h, 
is the spinal colnmn, the grand pillar supporting the walls 
of this cavity. The ribs, c, c, g^ from this with a large 
curve round to the breastbone, a, in front The ribs, how- 
ever, do not join directly with the breastbone, bnt there are 
cartilages intervening, as seen in the Figure. The collar 
bone goes ftom this breastbone across to the top of the 
shoulder. The ribs are twelve on each side. The lowest 
two are attached only to the spine, and are called floating 
ribs. The whole is so constructed as to allow a very con- 
siderable expansion of the cavity. As the chest is kept in 
constant motion, lightness in its walls la an object of some 
iigportauce ; and, at the same time, it is necessary that the 
structure should be a strong one, in order to effectually guard 
the Inngs from injury. Both of these objects are seenred, 
by having the walls in front and at the side composed of so 
many bones, well bound together by the muscles which 
move tbem. The callages which connect the ribs to the 
breastbone are a great saft^ard. They give elasticity to 
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the stmctare as a whole, and tfae ribs are not very liable to 
be brokeD, becanse of the yielding of the cartilages with 
which they are connected. 



161. FrameworU of the Chest.— This framework 
is filled cot with coDoecting ntateriol, chiefly mttscles, which 
effect the expansion of the chest in inspiration. Firsts there 
iaalargeexpanseof muscle and tendon called the (fto^iAra^m, 
stretching across the lower part of the chest and separating 
its contents fh>m the contents of the abdomen below. The 
edge of this muscle is fastened to the spine behind, to the 
end of the breastbone before, and all around the lower ribs. 
It is arched npward ; and against its concave surface press 
upward the lirer and stomach, while the lungs and the 
heart press downward against it« convex surface. The dia- 
phragm is represented in Fig. 81. The ribs are cut away in 
tmnt, so as to give a fiont view of the cavity of the chest, 
G, c, the lungs and heart being entirely removed. D D is 
the diaphragm, very high in the central portion, which is 

c,qi,it!dt,Google 



132 PHYSIOLOGY AND HYQIENE. 

tendiooiis, bnt desceodiag very lov at its edges at the sides 
aad in the rear. 



163. Inspiration and Expiration.— The IXa- 
phragni. — If all the muscnlar fibres in the diaphragm 
contmot, the aroh will be fiuttened, and tbne the room in 
the ohest will be enlarged. To occopy this additional space 
the air rushea in through the windpipe. This ia inspiration. 
In expiration, the reTerse movement takes place — the mch 
of the diaphragm rises, and eomprossiog the lungs, forces 
the air out of them through the trachea. In inspiration, as 
the diaphragm is flattened, it pushes down before it the stom- 
ach, liver, &c., and hence the pressing out of the abdomen, 
which is so sensibly felt, if the hand be placed upon it during 
the act of inspiration. In expiration, on the other band, 
the abdominal walls retreat inward. These two ojipoaite 
states of the arch of the diaphragm, and of the walla of the 
abdomen, are reja-efented in Fig. 83. It ia a side view, the 
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ribs being cat away. c is the cavity of the chest, and C a, 
the cavity of the abdomen. The diaphragm and the abdo- 
men are represented fts tbey are in expiration. The dotted 



line marks the flattening of the arch of the diaphr^^n, and 
the projection of the abdomen, as they occur in inspiration. 
It is supposed that in ordinary expiration, there is little, if 
■any, muscalar action— that, aa the diaphragm, which in 
inspiration pushed down the stomach and liver, and thns 
thrust out the walls of the abdomen, ceases to contract and 
relaxes, the mere elasticity of the parts below, and especially 
of the abdominal walls, restores the former condition of 
things, and so the diaphragm is carried upward, and expira- 
tioQ results. When, however, the expir&tioa is at all forci- 
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ble, it is prodnced in part by the action of the mnsclea of 
the abdomen and some of the muscles about the chest. 

163. Other Muscles, besides the IHaphragm, 
Act in Inftpiration. — While this dome-shaped nmscl^ 
the diaphragm, is the principal agent by which the cheat is 
enlai^ged, there are other muscles which render assistance. 
In Fig. 83, a is the spine ; c, c, c, the ribs ; S, the breastbone; 
d, the collar-boi^e ; g, the diaphnigm. Yoa observe, on the 
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right side of the chest, certain muscles, t, extending &om 
the spinal column in the neck to the first rib. When these 
contract, the effect is to raise the firat rib, and all the others 
being attached to it, of course follow. As the ribs in Fig. 
80 slant downward from the spine toward the front, the 
resnlt is, that all the ribs are carried together forward and 
upward. The result is the more effectually secnred by 
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muscles which paee from rib to rib, aa Been at e, e, e, e, Fig. 83. 
In this Figure, the ribs, c, c, c, are left bare on the left side, 
to shoT the arch of the diaphragm, g, the dotted line indi- 
cating it on the right side. 

I(i4. Arrangement of Muscles between the 
Ribs. — There are two layers of muscles connecting the 
ribs, the fibres of which cross each other, as represented at 
M, in Fig. 84. B B are pariis of two riba. The spaces 




between the ribs are filled with mnsciilar fibres, arranged as 
represented in the Figure. 

These mnsclea between the ribs not only help to raise all 
the ribs as a body, but they bring each rib nearer to the one 
above it. This increases the expansion of the chest, especi- 
ally as the ribs are so joined to the spine, that if a rib be 
moved npward, it mast be carried outward as well as for- 
ward. It is evident that by the operations of these muscles 
in the neck and between the ribs, the diameter of the chest 
will be increased irom front to rear, and also from side to 
side. 

The chest is expanded, then, by two motions — by flattening 
the arch of the diaphragm, and by raising the ribs. In 
ordinary qniet respiration, this expansion is efi'ected chiefly 
by the diaphragm. But when there is a call for more active 
respiration, as in violent exercise, the mnscles which raise 
the ribs act strongly, and hence the heaving of the chest, 
as it is called. Their action is violent when from disease, as 
in asthma, for example, it is difficult to introduce sufficient 
Mr into the lungs. 

ISS. Result of an Opening through the 
Wall of the Chest. — The lungs, heart, &c., accarately 
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fill the chest in all the variations of size to which its cavity 
ia subjected in respiration. For, when the chest is expanded, 
the spongy lungs swell out to follow its walls, and the air 
rushes in through the trachea to fill the expanding air- 
cells. If, now, there were an opening through the walla of 
the chest, communicating with the ontside of the lung, 
when the chest expanded, the air would rush in at this 
opening as well as through the trachea, and the lung would 
be compressed in proportion to thc'freeness of the open- 
ing. This has sometimes occurred from disea^ and from 
wounds. If a free opening were made at the same time in 
both aides, both Inugs would be compressed, and death 
wonld be produced by suffocation, as really as if some 
obstruction in the windpipe prevented the air from entering 
the lungs. 

166. Ciiange in the Blood effected in the Air- 
cells. — As has been said, the change in the blood, from 
purple to red, is effected in the air-cells. The blood and the 
air are brought very near together for this purpose ; and yet 
they are kept entirely separate. It is supposed that the air 
in the cells acts npon the blood through the pores of the 
vcsaels containing it, which branch out on the walls of the 
cells ; for if dark venous blood be inclosed in a bladder, the 
air will act through the pores of the bladder, and gradually 
change the outer portion of the blood to a'red color. 

167. Variable amount of Work done by the 
Air-cells. — These air-vesicles, then, do an important work. 
Tbe change which is effected in them is immediately essen- 
tial to the continuance of health, and even of life. If the 
air be in any way shut out from them death occurs at one. 
And 80 important is it that they should do their work weU, 
that extraordinary provisions are made to secure an abun- 
dance of room for them under all circumstances. For the 
cavity of the chest, as you have seen in this chapter, can be 
expanded to a very great extent. It would indeed be diffi- 
cult to conceive how a greater range of expansion could be 
secured. As the air-eells are called upon to do more work 
at some times than at others, there are special provisions for 
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a larger dilatation of the chest than ia required in ordinaiy 
quiet respiration. Thus when, from violent exercise, the 
blood is coursing rapidly through the Innga, and more air ia 
therefore needed to change it to red arterial blood, the chest 
ia lai^ely expanded by calling into action muscles, which do 
but little, if any thing, in ordinary breathing.* 

168. Injury tlon^ to the Air-ceUa by Com- 
pression of the Chest.— Ab the apparatus of respiration 
is BO especially arranged to secure room for the lungs under 
all circumstances, it must be very deleterious to the health 
of the body to interfere with this arrangement. If the ex- 
pansion of the cheat in breathing be limited by any pressure, 
every air-cell must be embarrassed in doing its part in 
changing the blood. 

Either all of them must be unduly contracted, or some of 
them must become obliterated, so that there will not be as 
many vesicles as there should be. In either case, the organ 
is disabled in proportion to the amount of the compression. 
The blood is not so good as it would be if there were enough 
vesicles, and they could perform their work without con- 
straint. The vigor of the system is therefore lessened. And, 
besides, the lungs themselves, from this unnatural confine- 
ment, are especially liable to di8eaae,| 

Vigorous exercise undoubtedly causes much injury to 
lungs that are thus confined. If the chest be left free to ex- 

* It Ib a cnrioDB fact that the mechuiiBm of Teepiration ia eomewhat 
difTerent in the two seiee. In men the diaphragm takes the larger 
share in the process, the upper riba moving comparatively little ; In 
women the reverse is the case, the respiratory act being largely costal. 
— Hcn.BT. 

t The volnme of ^r which remains in the lungs (Reiddnal i^r) after 
a forced expiration, is from TS to 100 cubic inches. An equal additional 
volume (Supplements! air) remuns in the chest after an ordina/ry ex- 
plraUon. 

In ordinary breathing, 30 to 80 cubic inches (Hdal air) pass in and 
out. k forced inspiration will add 100 cubic inches (Complemental air) 
to the volume. Then after a forced inspiration the lungs contain 100 + 
100+30+100=830 cubic Inches of air. After an ordinaiy inspiration 
100 + 100 + 30=230 cnUc inches. 
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pand to tie falleet extent when occasion reqnirsa, this injary 
is avoided. For when the strongly and rapidly contracting 
heart pnmps the blood in such quantities into the langs, the 
widely expanding cheat draws in the due amonnt of air to 
change the extra araonnt of blood. All the air-vesicles are 
ready to do their duty, and, therefore, no violence is done to 
the delicate texture of the lungs. 

But if these organs be compressed, the dilatation of those 
vesicles that are not obliterated, in the midst of the commo- 
tion of the difficult respiration, is very unequally effected, 
and some of them are atretehed beyond their proper dimen- 
sions. At the same time, the blood must be here and there 
obstructed in its pass^e through the Inngs, producing what 
is termed congestion. And if this violence be frequently re- 
{veated, permanent disease will be the result. 

From the considerations in the last two paragraphs it ia 
manifest, that the interference with the due expansion of 
the lungs, which so commonly results from the mode^ of 
dreas in the female aex, must be one of the prominent causes 
of consumption, to saynothingof other diseases arising from 
this cause. 

This interference is effected in two ways— chiefly by com- 
pression of the chest directly, but also by the pressure which 
the load of clothing hanging from the waist must make 
upon the upper part of the abdomen. This latter cause 
interfbres with that forward movement of the abdomen 
which is necessary to the flattening of the arch of ihe dia- 
phragm in the act of inspiration. 

The extent to which compression of the chest is some- 
times carried is seen by comparing the two outlines in Fig. 
85. One is an outline of the Venus de Medicis, the univer- 
sally recognized beau ideal of beauty of form in the female, 
and the other is an outline of the form of a lady with an 
artificially small waist In Fig. 86 is represented the frame- 
work of the cheat of its uatnral size, and as it is sometimes 
contracted by fiishion. The Figures representing the con- 
traction of the cheat may appear at the present time as cari- 
catures, for a very small waist is not considered now to be bo 
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cBaential to beanty in the female form, as it was twenty-five 
years ago. The truth, as ottered by medical men, has had 
some effect But the evil is remedied only in part. The 
chest of the f^ale is atill too much begirt, in obedience to 




the tyranny of fashion, to allow of the free expansion to 
seonre which such epedsl pains are taken by natnre. The 



evil begins in chOdhood. The chest is monlded during its 
growth to the shape which foshion prescribes. It conld not 
be done after the chest has attained its fall size. The torture 
of the compression necessary to do it could not be endured. 
In childhood, therefore, while the boy's chest is left to 
grow in its natural shape and dimensions, the girl is begirt 
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BO tightly aa to embarrasB her respiration, because nature is 
too nngenteelly large in her patterns. 

169. Cause of iPeath in Drowning.—li is the 

interruption of the change which is effected by the air upon 
the blood in the lungs, that produces death in drowning. 
The very common supposition, that considerable water gets 
into the lungs in drowning, is erroneous. Very little water 
ordinarily gets in — not enough to occasion any embarrass- 
meni 

The difficulty is, that the air is kept out, and not that the 
water gets in. The drowning person makes attempts to 
inspire, but the moment that the waterreaches the epiglottis, 
the door of the windpipe, it causes at once, by its irritation, 
a spasmodic closure of the epiglottis, so that almost no 
water is introduced. In the mean time, the purple blood 
continues to be thrown by the right ventricle of the heart 
into the lungs. But the little air contained there soon 
parts with its oxygen; and then the change in the blood 
ceases to occur, and dark blood is sent from the lungs to 
the heart, and thence to all the organs. These can not 
go on to do their duty without the stimulus of arterial 
blood. 

The brain, therefore, gives out, and there is insensibility. 
The muscles cease to act, and all motion is gone. If a good 
supply of arterial blood could be furnished to all the organs 
until breathing could be again commenced, life would be 
preserved, and there is provision for such a supply in cer- 
tain animals that can remain under water for some time. 

170. Singular Ih-ovigion in the Whale.— ^or 
example, in the whale there are lai^ reservoirs for contain- 
ing arterial blood, which can be used for the supply of the 
organs while he remains under water. When the supply 
begins to be exhauated, the animal of course has those 
uncomfortable sensations which a predominance of purple 
blood is so apt to produce. He manifests hia uneasiness by 
his puffing and blowing, as he rises to the surface to get a fresh 
supply of air, and with it a fresh supply of arterial blood in 
the reservoirs. 
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171. Sespiration in Fishes. — The apparatus of 
respiration varies in difiereut animals. It appears in three 
forms — lungs, gills, and truchoEe or air-tnbes. The gills of 
the fish are arranged in fringed laminas, in order to present 
hj all their miniitc divisions a large snr&ce ; 
and these delicate organs are covered with a lid Pio-.87. 
to protect them from injury. The blood-vessels, 
which contain the blood to be cfaanged,branch 
ont on the sur&ce of the fringes of the laminse, 
just as the blood-vessels in lungs branch out 
on the sur&ee of the air-vesicles. The air 
which is to change it is mingled with the water. 
It acts upon the blood, as the water containing 
it, after being taken into the month of the fish, 
passes out through these laminee, as through a 
sieve. That the air in the water is the cause 
of the change can be proved by experiment. 

If a fish be placed in a vessel with its orifice 
closed, so that no air can enter, it will soon die 
from suffocation, because the air in so small a 
portion of water is soon used up. Although 
the fish can not with his gills use air that is not 
mingled with water, it is supposed that it is 
merely because the gills soon become dry when 
exposed to the air, and that the air would act 
on the blood in the gills if they were only kept 
moist Indeed, in the land-crab, that has the 
power of living for some time out of the water, 
it has been found that there is a gland in the 
gUl-chamber which furnishes a secretion to keep 
the gills moist 

Gills difier much in their shape and arrange- 
ment in the various aquatic animals. In Fig. 
87 is represented the arenicola or lob-worm, lob-worm. 
Here the gills are in the form of tnfts arranged 
along the outside of the body. They take a somewhat similar 
form in the larvje of many aquatic insects, as seen in Fig. 
88. A large surface is presented to the air coutaiaed in the 
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water by the delicate and beaatifully arboreBcent gilla of 
these animals. "* 

Pia. 88. -/7S. Respiration in Insects.— la in- 
flects, we find the leapiration effected by trachea 
or aiivtnbea. These go into all parte of the body, 
and the air contained in them acts npon the 
blood in the tisanes of the body. The insect, 
therefore, has no distinct respiratory organs 
situated in any one part of the body, but the 
air ia earned into erery part This seems to he 
necessary on accoant of the feeble circnlatioD 
in the insect. 
The trachesQ vhich, as Cnvier says, conduct 
, the air in search of the blood, as the blood has 
no means of travelling in search of air, open on 
the surface by stigmata, iis they are called, which are of 
Tarions shapes and nnmber in different insects. In the 
grasshopper there are twenty-fonr, arranged in four rows. 
Yon can suffocate an insect by simply covering the stigmata 
with varnish. 

In Fig. 89 are represented the trachese in an insect, the 
nepa or water-scorpioo. The tracheae, as yon see, send 
branches out in every direction, so that air is introduced 
into every part of the body. There are lunge, ao to apeak, 
everywhere in the inaect 

173. Respiration in Birds. — The apparatus of 
respiration is largely developed in birds for two objects — to 
provide for the extensive change in the blood which is re- 
quired by their great activity, and te give Ughtnesa to the 
body. 

To secure these objects there are air-sacs connected with 
the Innga, and located in different parts of the body; and in 
birda that fly rapidly and are long upon the wing, these sacs 
are very extensive, and even ma«y of the bones are made 
hollow, and are connected with the air-aacs. 

By this arrangement, the air ia introduced extensively to 
the blood in the capillaries on the walls of these sacs, and at 
the same time the body ia made very light And the heat 
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generated by the effort of flyiDg must expand the air in the 
air-saca and swell them out, and thus make the body lighter. 
In Fig. 90 is seen this arrangement of air-sacs in the ostrich. 
The lunge, I, I, are qmt« small, but the air-eacs, c, c, c, are 
very large. The orifices by which they communicate with the 
iuDgs are as shown in the Figure. In birds of great powers of 
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flight, the air-sacs are much more cxtensiye. This arrange- 
ment of air-8ac8 in different parts of the body of the bird 
bears some analogy to the trachese distributed in the bodies 
of insects. 
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174. Clmngea produced in the Air in the 
ZiUnffs.— Yon have aoen that the object of the apparatns 
of respiration is to change yenons blood into arterial, and 
you have also seen how the air is introduced to the blood in 
order to effect this change. 



LtnOB or THB OSTRICH. 

And now the iDteresting inquiry aiises, what are the 
actual changes which occnr, both in the blood and in the 
air, in the lungs. If yon take a tumbler filled with lime- 
water, and breathe into it through a tube, the lime-water will 
become turbid, and will soon deposit a sediment. This is 
chalk, or carbonate of lime, formed by the union of the car- 
bonic acid gas exhaled from the lungs with the lime in the 
lime-wafer. Whence comes this carbonic acid gas, and how 
is it formed ? In order to answer this question Batis&ctorilj, 
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we muBt team aometbing of the chemical constitation of the 
air which we breathe. 

It ia composed of two gases, oxygen and nitrogen. In 
every 100 parte of common air, there are 79 parts of nitrogen 
and 31 of oxygen. It is found that the oxygen is that con- 
stituent of the air which isnecess^j to life. If an animal 
be placed in a cloaed jar filled with common air, he will soon 
die, and the oxygen will be found to have disappeared, while 
the nitrogen will remain very nearly as at first. 

If, now, one animal is placed in a jar of nitrogen, and 
another in a jar of oxygen, the one in the nitrogen will die 
immediately, while the other will be very hvely until the 
oxygen is mostly used up by his lungs. The animal in the 
pure osygcn will breathe at first more rapidly than the animal 
in the jar of common afr ; and it is thought that oxygen is 
too stimulating for the lungs, and therefore needs to be 
diluted with the nitrogen, since the latter is always found in 
the air that we breathe. 

175. Change takesplace in the CapUlaries, — 
In the case of both the animal in the jar of air, and that in 
the jar of oxygen, carbonic acid is found to have taken 
the place of the oxygen which has disappeared. This gas is 
made by a union of oxygen with carbon or charcoal. It was 
formerly supposed that this union is effected in the lungs — 
that carbon is thrown off from the venous blood in the lungs, 
and that the oxygen of the air there unites with it, and so 
carbonic acid appears in the air expired from the chest 
But it has been discovered that the exchange ia not made 
in the lungs. The oxygen is absorbed by the blood, and 
goes with it to the heart to be sent all over the syst^uL 
And it is in the capillaries that the oxygen unites with 
carbon to form carbonic acid. 

The union takes place while the blood ia changing from 
arterial to venous, and is an essential part of the change. 
The carbonic acid thus formed in the capillaries, is brought 
back to the heart in the venous blood, and is discharged 
from the system in the lungs. That the change takes place 
as stated has been abundantly proved in various ways. 
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It has been fomnil by experimenta which will not be de- 
tailed, that carbonic acid exists in considerable amonnt in 
venous blood ; while, on the other hand, there is much oxy- 
gen in arterial blood. The inference from this is, that oxy- 
gen unites with the blood as it passes through the lungs, 
goes with it to the capillaries, and there unites vith the 
carbon, giving ns the carbonic acid which we find in the 
blood in the veins, after it has passed into them from the 
capillariea. 

It has been found, also, that if frogs or other cold-blooded 
animals be placed in hydrogen or nitrogen (gases which 
produce no injurions effect on them) they will give off for 
some time nearly as much carbonic acid as they would have 
done in common air. 

In this case, as no oxygen is introdnced into the lungc^ 
the carbonic acid cannot come from any anion effected in 
these oi^rais between carbon and oxygen, but it must be 
discharged by exhalation from the blood as it is passing 
through the lungs. Of course the discharge of the carbonic 
acid ceases after a little time ; for, there being no new, supply 
of oxygen by way of the lun^, as there is when the animal 
is breathing common air, there can be no new formation of 
carbonic acid. 

But even cold-blooded animals can not live in these gases 
for any great length of time, for oxygen is needed for the 
continuance of their functions. And in the warm-bloOded 
animals, a constant supply of it is necessary — they will 
die if cut off from this supply even for a short time. 

176, Changes produced in the Blood by the 
Air. — The change which takes place in the blood as it 
passes through the lungs, occurs to some extent when the 
blood is exposed to the air in any way. Thus, if blood be 
drawn from a vein into a bowl, the surface of it becomes red 
by the action of the air upon it. Carbonic acid is discharged 
from it, and the oxygen of the air takes its place, uniting 
with the blood, jnst as the process occurs in the lungs. A 
larger part of the blood will be thus changed, if it be shaken 
so as to expose more of it to the air. The change takes place 
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to some extent even if a membrane be iotorposed, as when 
the blood is inclosed in a bladder. The oxygen of the air, 
in this case, ia introduced through the bladder, and the car- 
bonic acid gas escapes through ib Precisely in this vay is 
the change effected in the lungs, as abeady stated. 

The blood is separated from tlie air by being coafined in 
blood- Teasels, and the air in the vesicles acts upon it through 
the walls of these vessels. And, as the blood is divided into 
inanmerable little streams, every part of it is acted upon by 
the air in the vesicles. Though the texture of the lungs is 
exceedingly delicate, yet the blood is confined to its Umite, 
even though it courses through these organs vith great 
rapidity, and it never mingles with the air except as a con- 
sequence of actual disease. 

177, Quantity of Ca/rbonic Acid given out 
by the Lungs, — The quantity of carbonic acid discharged 
from the lungs in the course of twenty-four hours is very 
great. Many experiments have been tried and calculations 
mode to ascertain its amount, from which it is estimated 
that there is at least three-quarters of a pouad of charcoal in 
the carbonic acid thrown off from the lungs of a common- 
sized adult in the course of twenty-four hburs.* 

178. Necessity of VentUation.—ThK gas is a 
deadly poison. When accumulated in acouBiderable amount, 
as when charcoal ia burned in an open furnace in a close 
room, it may prove immediately destructive to life. And in 
the very provident neglect of ventilation, the frequent ac- 
cumuUtion of this gas from the respiration must prove more 
or less injurious to the health. 

Whenever the proper amount of oxygen gas is withheld 
from the lungs, and carbonic acid takes its place, the quality 
of the blood is impaired from incompleteness of the change 
effected in the lungs, and the vigor of the body must in this 
way be lessened, to say nothing of the deleterious influence 
of this gas upon the nervous system. Though the results 

* Three-fourths of a pound of ctkrhon united with oxygen will form 

two and three-fourtha pounde of carbonic waA. 
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are not immediate and palpable, great injury is continnally 
done to the health of maltitudea by the accnmulation of thia 
gaa, in small close apartments, aad in crowded adBemblies. 

A congregation of twelve hundred people throw off from 
their lungs in two hours an amount of carbonic acid that 
contains seventy-five pounds of charcoal. And yet little 
pains is commonly taken to carry off this vast 'quantity of 
poisonous gas, and replace it with pure air. * 

179, Carbonic Acid Exhaled from the Lungs 
of Animals Absorbed by PlatUs.—As bo much oxy- 
gen is absorbed in the lungs of all animals, and so much car- 
bonic acid is thrown out from them, the inquiry arises how 
the air is replenished with oxygen, and is cleared of the car- 
bonic acid which is thus bo lately mixed with it It is 
found that this is accomplished, to a great extent at least, 
by the leaves of planta. The process which goes on in these 
lungs, as they may be called, of the plants, is quite the re- 
verse of that which is going on in the lungs of animals. 

The carbon of the carbonic acid which is thrown off from 
the lungs of animals is absorbed by the leaves of plants, and 
the leaves replenish the air with the oxygen, which is so 
constantly and abundantly absorbed in the lungs of the ani- 
mal creation. Thus the animal and vegetable kingdoms are 
soui'ces of supply to each other. 

It may be thought that there would be a surplus of oxy- 
gen in the atmosphere in warm climates, where the vegeta- 
tion is so luxuriant; while, on the other hand, there would 
be an accumulation of carbonic acid gas in the colder regions. 
This would be sO, if the air were not so movable that the 
equilibrium is readily secured in either case. 

180. Light Necessary. — It is an interesting feet, 
that the presence of light is necessary to the process which 
has been described as going on in the leaves of plants. Each 
leaf may be considered as a laboratory, and the light as the 

* It ia eatimated or perhaps determined that each individual ought 
to have at leaat 800 cubic feet ol space to himself, thia space to be 
constantly supplied with pore tai, with provision for the exit of the 
foul ajr, or — in other words — this space to be perfectly ventilated. 
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chief agent in effecting the chemical changea that occur in 
it. And it is found that no artificial light can do the work. 
It is only the light of the sua that is competent to thifi 
chemistry. 

And as these innumerable laboratorieB are ererywbere at 
work, absorbing the carbon and exhaling the oxygen, to 
purify the air rendered noxious by the laboratories of the 
animal creation, we must confess it to be a mystery how 
the chemistry of the lungs of animals and ihat of the 
leaves of pluits should be kept so nicely balanced. The 
balance is so strictly maintained, that the chemical compo- 
sition of the air is always found to be almost exactly the 
same. 

181. Animal Seat. — The heat of the body is main- 
tained bj the union which takes place in the capillaries 
between the carbon and hydrogen of the system, and the 
oxygen which is introduced into the blood through the 
langs. It is a process analogous to combustion. When 
carbon or charcoal is burned in a ressel containing air, the 
oxygen unites with the carbon, and carbonic acid gas is 
formed. 

The same union occurs in this case between carbon and 
oxygen that we find occurriug in the capillaries. A sort of 
combustion is going on in every part of our bodies. And, 
as heat is evolved in the one case, so it is in the other. 
The same can be said of the burning of hydrogen and oxy- 
gen together. Heat is caused by the union thus produced 
between them, and so it is when they unite in the body. 
The water which is exhaled &om the Inngs comes from this 
union of oxygen and hydrogen. 

It was foriAerly supposed that the union between the oxy- 
gen and the carbon and hydrogen takes place in the lungs, 
and that the he\t is made there, and then is distributed over 
the whole system.^ But it was objected to this supposition, 
that it made the lungs a sort of furnace for the rest of the 
body, and that, if the supposition were correct, there ought' 
to be a much higher degree of heat in these organs than 
anywhere else, which is not the case. It was at length dis' 
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covered that the union betweea the osygen and the car- 
bon and hydrogen occurs in the capillaries of the body 
instead of the Inngs ; that the combustion that produces 
the heat occurs throughout the system, instead of in one 
locality. 

182. Soiree Sources of Fuel.~The fuel for this 
combustion comes from three aonreea. One of these is the 
waste of the tisanes. Tliis fnmishea a considerable amount 
of the carbon and hydrogen for the union with the oxygen, 
in all animals that are subjected, from their activity, to much 
wear and tear of the system. 

Another source of the fuel for combnstion is food. The 
oils, sugars, and starchy kinds of food are devoted in a great 
measure to this particular purpose. These furnish a sort of 
floating fuel, as we may express it, which is carried abont in 
the blood. Hence, ve see that oar diet must necessarily be 
varied according to the weather and the climate. 

In cold weather the heat of the body is more rapidly 
abstracted than in warm weather, and, therefore, we need 
then more of that food which affords a supply of carbon and 
liydi'ogen. Similarly, the enormous quantity of oily food 
often consumed by inhabitants of very cold climates is 
burned, as we may say, in the capillaries to keep up the 
animal heat Of course, keeping the body warm by fire 
and clothing relieves from the necessity of taking any large 
quantities of fuel-making food. In the most favorable cir- 
cumstances there is a need of variation in diet to snit the 
weather and the climate, and we make this variation for the 
most part instinctively. Indeed there is a marked provision 
in nature for it. 

While there is a large amount of &t in the bears and seals 
aai whales which afford food for the Esquimaux and Green- 
lander, there is very little in the animals which furnish a 
part of the diet of the inhabitants of tropical climates. 

Still another scarce of animal heat is the store of fat 
which is laid np in the- body. One design of this accumu- 
lation of fat in different parts of the body seems to he to 
provide for the heat when other sources fiul. Thus, when 

ciq mod t, Google 



BESFIBAIIOK. 151 

dieease destroys the appetite, and thus cuts off the supply 
of food, the fat wastes away, or rather is buniei} op, to keep 
up the temperature of the body. The fat is the great means 
of maintaining the requisite temperature when hibernating 
animals become torpid for the winter. They become very fat 
in the autumn, before crawling into their winter quarters, 
and in the spring they come out very lean, their fat having 
been Gonsumed in keeping up even the low d^ree of tem- 
perature required during this time. 

183, Animal Seat differs in Cold and 
Warm-blooded Anini€U3.—Aa the amount of heat 
produced, when charcoal is bnmed in air, or when oxygen 
and hydrogen are burned together, depends upon the quanti- 
ties of carbon and hydrogen that unite with the oiygen, 
so, also, the degree of animal beat depends upon the quanti- 
ties of carbon and hydrogen that unite with the oxygen in 
the capillaries. This may be illustrated by refernng to the 
eflfeets of exercise on the heat of the body. 

When the circulation is quickened by exercise, the blood 
passes mo^ rapidly than usuul through the lungs, the respi- 
ration 18 consequently quickened, more air is introduced 
into the lungs, and therefore oxygen is more rapidly ab- 
sorbed by the blood. At the same time, the action of the 
muscles effects a waste of their tissue, so that more car- 
bon and hydrogen are ready to be released to be united 
with the increased oxygen. Hence comes the beat produced 
by exercise. 

So, too, those animals which are the most active, ordi- 
narily have the moat animal heat, and have the most exten- 
sive respiratory apparatus, so that there may be a free supply 
of absorbed oxygen to unite with the carbon and hydrogen 
of the changing tissuea It is in birds and insects that this . 
union takes place most largely, and in them, therefore, the 
respiratory apparatusis very largely developed. This is made 
necessary by their muscular activity, which produces so 
much waste matter that must be removed from the system. 

Cold-blooded animals, on the other hand, are very inac- 
tive. There is not, therefore, much wear and tear of the 
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tissnea. There is comparatiTely little waste, therefoie, to be 
throim off And so but little oxygen needs to be intro- 
duced into the lungs, and consequently little heat is gener- 
ated. To realize fully the contrast between the warm- 
blooded and the cold-blooded aoimala in these respects, 
observe, as the repreeentative of the one claas, a canary bird, 
and a frog as the representative of the other. 

The frog is generally quiet, and only now and then takes 
a leap, or croaks ; but the bird is ever in restless motion, and 
sings much of the time with aH his might The bird is 
warm with the heat generated by the constant union of 
■ oxygen with carbon and hydrogen in its capillaries; but 
the frog is nearly as cold as the water in which he is im- 
mersed. The bird breathes rapidly, to let the oxygen of 
the air largely into his lungs ; but the frog seems ecaicely 
to breathe at all, so scanty is the supply of oxygen which 
be needs. 

184, Undformity of AntmaZ Seat in the 
Warm-blooded Animals. — Gold-blooded animals 
are very nearly of the same temperature with the substances 
that are around them ; but warm-rblooded animals have a 
certain degree of temperature, which they maintain with 
considerable uniformity under all variations of temperature 
in the atmosphere. This in man is about ninety-eight 
degrees Fahrenheit. This is above the temperature of the 
surrounding air, except in exceedingly hot weather. The 
human body is therefore always giving off heat 

But the amount of heat which the human body can bear 
for a short time is much greater than the facts above alluded 
to woqld lead ns to suppose. It was long taken for granted, 
that it could not safely bear, even for a short time, a heat 
mnch higher than that which is endured in hot climates. 
The tmth on this subject was at length discovered by acci- 
dent. 

ISS. Interesting Experiments. — Two French- 
men were employed by government, in 1760, to devise some 
method of destroying an insect which infested the grain at 
that time. The result of their experiments was the dis- 
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covery, that by snbjecting the grain to a certain degree of heat 
in an oven the insect was destroyed, while the grain was not 
injured. While they were trying their experiments, a girl 
offered to go iato the oven and mark the height of the 
niercury in the thermometer. It stood at 260° ; and, after 
remaining there for ten miniiteB, which she fonnd that 
she conld do without any great inconvenience, she marked 
it at 388°, that is, 76° above the boiling point of water, 

These facts led to the famous experiments of Dr. Fordyce 
and Sir Charles Blagden, in England. With wooden shoes, 
tied on with list, they went into a room in which the ther- 
mometer showed the air to be at 260°, Their watch-chains 
were so hot that they could scarcely touch them, and eggs 
■were roasted hard in twenty minutes, and beefsteak was 
cooked in thirty-three minutes. And yet the same air that 
produced these results was breathed by them with impunity, 
and it raised the heat of the body but very little. 

The air which was breathed out from the lungs was so 
much cooler than the air of the room, that it was refresh- 
ingly cool to the nostrils, and to the fingers as tbey blowed 
upon them. In such cases, the evil effects of the heat are 
prevented chiefly by the great amount of perspiration that 
occurs, the vaporization of this abstracting the heat, which 
would otherwise accumulate in the body and produce dis- 
astrous results. The exhalation from the lungs, also, has 



186. Different Degrees of Torpor in Siher- 
nating Animals. — In the state of hibernation, to which 
reference has several times been made, the torpidity varies 
in degree in different animals. In cold-blooded animals, res- 
piration and circulation may, in this state, cease altogether. 
In them the movements of life are often, perhaps we may 
say generally, as fnlly suspended as they are in the seed that 
is kept from heat and moisture. They may be preserved in 
this state for a long time and yet revive. 

Serpenta and frogs have been kept in an ice-house for 
three years, and then have been revived on being brought 
out into a warm atmosphere. In the warm-blooded anim»ls 
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that hibernate, the torpidity is less deep than in those which 
are cold-blooded. In them the respiration and the circula- 
tion become very slow, but never entirely cease. Indeed 
Home Bpecies take food with them into their winter quarters, 
and occasionally wake np aufiBeiently to eat. But moat of 
them are in a quiet, deep sleep, from which they do not 
arouse at all till the winter is past. 

In this state, as life is nearly, sometimes quite, at a stand, 
there is little wear and t«ar, and therefore little change in 
the tissues, and so there is need of the introduction of but 
little oxygen by the respiration. Dr. M. Hall, in his experi- 
ments and observations, found that the bat, when completely 
torpid, consumed no oxygen, and discharged no carbonic 
acid fkim the lungs, although its circulation was not entirely 



187. Selation of Activity to Quantity of Air, 

The more active is the respiration of animals, the less able 
are they to bear a deprivation of air. A warm-blooded land 
animal will die if it be under the water only a few minntes ; 
hnt a cold-blooded animal can live under the water for some 
time, because it is not in so urgent need of oxygen. And, 
for the same reason, a warm-blooded animal, in a state of 
hibernation, may be kept under water tor a long time with- 
out destroying life, although when in its active state it wonld 
die on being kept under water for only a few minutea 

188. General Summary. — The estensive play 
which the respiration has in the vital operations of the 
system has been shown. Yon have seen what the chemi- 
cal changes are, which it effects directly in the lungs, 
and indirectly in the system. And you have seen how 
the animal heat is produced by these changes, and how 
it is BO regulated, that it seldom varies from its fixed 
standard. But it is to be remembered that, while the 
lungs, and even the capillaries everywhere are thus chemi- 
cal laboratories, the nervous system exerts a constant 
influence upon this chemistry of the body. This is espe- 
cially seen in regard to the production of heat, but it is 
true of the whole range of the chemical operations. The 
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Uboratoriee wonld all cease their vork if their neryons con- 
nections were destroyed. 



CHAPTER X. 

FORMATION AND FEPAIB. ' 

189' Formative Cells appended to the Ca- 
pillaries. — The building and the repairing of the yarions 
structures of the hody are done by vessels appended to the 
capillaries. The capillaries having received from the arte- 
ries the blood, the building material, the formative vessels 
select from it, while it is in these capillaries, -whatever they 
need for their purposes. Those vessels which, for example, 
form bone, select from the blood very different constitaeuts 
from those which make nerve or mnscle. 

190. Concert of Action.— Ihese bnilderB of the 
body not only have the power of selecting their building 
materials from the blood, bat they work in concert Each 
company of builders work together in harmony, as if they 
were under intelligent leaders. And though different com- 
panies may be in close proximity, there is no disagreement 
nor interference. For example, the builders of a tooth and 
the builders of the gum around it, do not encroach on each 
other; but each do their appropriate work within their 
assigned limits. Even when different stmctores are inter- 
mingled, aa when tendon and muscle mingle together at 
their place of union, there is no confusion in the work of the 
two sets of laborera 

191. Concert of AcHon shown in Producing 
different Shapes. — The concert of action which we 
observe in the different sets of formative vessels is to be 
looked at from another point of view. It is such that they 
give a definite and peculiar shape to the structure which 
they make. Each bone differs in shape from every other 
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bone, each miiBcle from every other mnBcIe ; and so of othw 
parte. There is very great variety of shape in the structures 
of the body ; and each shape can be determined only by a 
certain concert among the builders. 

This concert of action may be looked at from still another 
point of view. In the growth, that is, the construction of 
any part, the addition is made by the formative vessels at 
ev^ry point of the part, and not upon the outside merely. 
As these builders are at ivork enlarging the part in the 
growth from infancy to childhood, they must so act in con- 
cert as to preserve the same general form in the part daring 
all the successive stages of growth. And, as all the different 
Btructures of the body enlarge together, there must be agree- 
ment between different sete ; else there would be encroach- 
ment and confusion. 

193. Change of Action, — But this concert of action 
appears the moat wonderful when a new action, or change of 
action, is called for. In the transition from childhood to 
youth, for example, the builders of the apparatus of the voice, 
the larynx, all at once become unusually active in their work, 
and a great enlargement of this musical instrument, for such 
it is, takes place, so that it may now utter the grave notes 
of manhood. 

Soon, too, the beard-builders begin their new work upon 
the face. And during the period of childhood new opera- 
tions have been continually instituted among the builders 
of the t«etb, as one tooth after another has made its appear- 
ance, and as the new set have replaced the old. 

To effect each one of these changes, there must be con- 
cert of action among the formative vessels ; and there must 
be a most wonderful concert among the different successive 
sets of builders, to make all these series of operations work 
out at length the general result 

193. Tadpole and Frog.~Tbis change of action in 
the formative vessels is strikingly exemplified in some ani- 
mals. We refer to those that entirely change their forms 
during the period of their existence. One example will ha 
given ; the common frog. He is at first what is termed a, 
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tadpole, aad goes tbrongh many successive changes to beoome 
a complete frog. These changes are represented in the 
followiog figures. The relative sizes are not preserved, tha 
tadpole state being represented relatively much too lai^, for 
the purpose of ehowing more clearly the development of the 
legs. The young tadpole is represented in Fig. 91. It has 
a large head and body, and a long flat tail by which it swims 
easily. There are no prominences to indicate the putting 
forth of any thing like limbs. It has gilla, in the form of 
loose fringes on each side of the head. 

Fia.9& 





These gilla after a time disappear, and it has another set 
of gills arranged under a fold of skin very much hke the 
gills of a fish. The form is then as in Fig. 92. The next 
change is this. The hind legs begin to grow out as seen in 
Fig. 93. Next, the four legs appear aa seen in Fig, 94. The 
tail is still very large. This now gradually disappears while 
the legs grow as represented in Fig. 95. 

In Fig. 96, representing the perfect frog, the tail has 
entirely disappeared. With these exterior changes interior 
ones have been going on also. The animal, which was a^ 
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first like a real fish, breathing vith gills and swimming in 
vater, haa lost its gills, and has now a pair of lungs ; and it 
ia no longer able to remain long nnder water, bub must 
come to the surface to breathe the air, 

194. Change of Action to meet new Exi- 
gencies, — The change of action in the formatiyc Tessels, 
which is sometimes called for by accident and disease, 
exhibits in an interesting manner the concert between 
these Tessels as influenced by circumstances. When a bone 
is broken, these formative vessels set themselves at work to 
repair the injury, by forming new bone between and around 
the two ends of bone, which new bone we call callua 

193, Illustration from Processes of Jn-fUtm^ 
tnation. — Concert of action under snccessiTe changes is 
strikingly exhibited in the processes of inflanmiation. The 
following account of these processes is from a work pub- 
lished by the author, entitled "Physician and Patient." 
" You see a swelling. It after a while begins to soften. 
There is matter in it, but it is not yet very near the sur- 
face. But soon, at some point, it comes nearer and nearer 
to the surface, the wall of the abscess thus becoming con- 
stantly more thin, till, at length, it Opens and discharges. 
The discharge continues till the swelling is nearly all gone, 
and the remainder is absorbed, and the part is restored 
to its natural state. 

" Just look for a moment at the complicated character of 
this apparently simple operation. Here is quite a targe 
deposition of substance which is to be removed ; and this 
is the object to be effected. Observe how it is done. The 
softening of the swelling is not a mere change of solid sub- 
stances into a fluid, as if by decay, bnt it is the result of an 
active process, which we call suppuration. When this pro- 
cess is properly performed good pus is made, or as tlie old 
writers in medicine rather quaintly expressed it, laudable pus. 

" This process of suppuration, when it is well done, does 
not go on here and there in the swelling, making it like 
a honeycomb with a multitude of little abscesses ; but there 
is a concert, an agreement of action by the vessels of the 
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part, as really as if they worked intelligently. It is this 
concert of action vliich not only m^ikes the line of move- 
ment in the absccBS, bnt points it towards the surface, 
instead of giving it some other direction, laterally or 
inward, npon some of the internal organs. 

" Three different ofBces are performed by the Tessels in 
the different quarters of the abscess. While some of these 
little workmen are forming the pns, there are others thin- 
ning the wall of the abscess in the direction of the surface, 
by absorbing or taking np the substance there ; while there 
are others still, in the rear, and at the sides of the abscess, 
depositing substance, in order to make a barrier to prevent 
the pus from being diffused in the surrounding parts. 

" When the absorbents have completed their passage for 
the pu8 through the skin, the pus is gradually discharged 
fi-om its reservoir, and the 'occupation ' of the pns-makers 
is Boon ' gone.' The waU-bnildere also cease their work, 
and while the vacancy becomes filled up by contraction and 
deposition, the wall of defense, so carefully maintained bo 
long as needed, is now taken up by the absorbents — ^work- 
men which seem to know just when, as well as how, to do 
their duty." 

196. Formation of all FartH from- the Blood. 
— Thus, all the solids and fluids in the body are made from 
the blood. Even the heart itself is made from the blood 
which it pumps into the aorta; for from this aorta go out 
small arteries, to carry blood to the walls of the heart for 
its growth and repair. 

197. Waste, — Not only is there construction going on 
in every part of the system, but there is waste also. The 
wear and tear of the ever-moving machinery continually 
makes eome of the particles useless, and these must in 
some way be removed. Let us see how this is done. 

198. Two Kinds of Waste JfaWer.— There are 
two kinds of waste particles ; and for the disposal of them 
two different plans are pursued. Some of the waste parti- 
cles, though wholly useless where they are, can be rendered 
fit to be used again by being subjected to certdn processes. 
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These, therefore, are not throvQ out of the syBtem, but 
are taken np by absorbent^ and are carried where the 
necessaiy processes can be applied to them ; and then they 
STB introduced iato the blood, to make again a part of the 
building materiaL 

But there are some waste particles that cannot be used 
E^^n ; and these are so managed as to be got rid of at 
various outlets of the system. These two kinds of particles 
are taken up by two different sets of absorbents. The 
selecting power which they thus exert is as unerring as if 
they were possessed of intelligence. 

199. Lymphatics. — The particles which can be 
used again are taken up by absorbents, which are termed 
Ipnphatics. These vessels are much like the lacteals, the 
absorbents in the intestines. They unite together, as they 
come from all parts ol the body, into two trunks. One of 
these is the thoracic duct, which is the common duct both 
of the lymphatics and the lacteals (Fig. 6), and in which 
the chyle and the lymph, as the fluid In the lymphatics is 
called, are mingled together. 

The other trunk, which receives the lymph from but a 
small part of the body, empties its contents into a large 
vein at the right side of the top of the chest The largest 
part of the lymph, therefore, unites with the c!iyle, and is 
poured with it into the circulation, and the rest reaches 
the same destination by another way. It all becomes with 
the chyle a part of the blood. But before this it passes, 
like the chyle, through glands, in order to fit it to become 
again a part of the building-material of the body. These 
glands are everywhere in the track of the lymphatica 
They are often enlarged from disease, and then they can be 
readily felt. In relation to this appropriation of waste par- 
ticles, it may be truly said that man lives in part upon 
his own flesh. 

Those waste particles which are entirely useless are taken 
up by the veins directly into the circulation. They then 
travel the rounds with the blood, and are thrown off from 
the system by organs fitted for that purpose. These organs 
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are the Innga, the sMa, the liver, the kidneys, etc Each 
of these excretory organs ia fitted to throw off its partjcnlar 
part of the waste. Thus the lungs excrete a kind diSerent 
from that which the skin does ; and so of the rest. 

300. Excretion and Secretion. — It is interesting 
to observe that some of the excretory organs perform other 
functions beddes that of mere excretion.* Thns the lungs, 
while they excrete carbon, absorb oxygen, without which 
life could not go on. At the same time, too, they act as the 
bellows for the organ of the voice, the larynx, as yon will 
see in the chapter on that subject. So, also, the liver, while 
it excretes what would be noxious if it remained in the 
blood, pnta its excretion into such a form, that it proves, as 
yon saw in the chapter on digestion, an auxiliary in some 
of the processes of the digestive organs. 

201. The Skin. — The skin, while it is an extensive 
excreting organ, performs other important of&ces. It serves 
as a firm yet very flexible and soft covering to the body, 
protecting its internal parts from injury. It is highly en- 
dowed with nerves for two purposes — the one, that it may 
act as a sentinel to warn of danger; and the other, that it 
may be the seat of the sense of touch. What ia very com- 
monly spoken of as the skin, is not really the skin, but only 
a covering for it. 

202. Cuticle. — When the skin is mbbed off, aa it is ex- 
pressed, it is only this'covering of the skin, or cuticle, which 
is removed. The skin which is raised by a blister is this 
outiole. The great object of the cuticle is to protect the 
tme skin, which is very fully supplied with nerves for 
thfl purposes mentioned above, and which therefore, if un- 
covered, would prove a sonrce of severe suffering. Aa it is, 

" The worda excretion and tewetUm, axe often applied to the same 
thing. Excretion, strictly Bpeaklug, should be applied 011I7 to Bome- 
thiug to be (Anton off, Knd not to something formed to be need. But 
Mmetunea an excretion Ib bo formed that it can be used, and then the 
word secretion is also applicable to it. Thns the bile, whtle It ia an 
excretioa containing noxioospartidestobe thrown off from the Bjstem, 
is put to use, and bo it is as often called a secretion hb an excretion. 
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the cuticle protects the ekin effectually, and yet doea not 
interfere with its functions as the organ of the sense of touch. 
It is of so slight and bo soft a texture, that the nerres of 
touch may readily receive impressions through it It is 
composed of many layers of minute round cells, the outer- 
most layers being made up of these 
Fio- 97. cells broken and emptied of the 

fluid which they contained. 

203. True Skin.~The true 
skin, which the cuticle covers, is of 
a fibrous textnre, witJi a good sapply 
of both nerves and blood-veasels. 
On the surface of this true skin 
next to the cuticle are eminences 
called papillGe. In these are seated 

' the extremities of the nerves of 
touch. Fig. 97 represents a highly 
magnified section of a bit of the 
skin from the solo of the foot ; a is 
the cuticle ; c is the tme skin ; b 
represents the papillse. 

204, Turing in the Shin.— 
You observe a tube which runs 

up through the cntia or true skin 
and the -cuticle, and in the latter 
takes a spiral course. This is the 
discharging tube of the sweat-gland, 
d, lying within the true skin, and 
surrounded with globules of fet. 
These glands are more numerous 
in some parts of the skin than in 
others. They are particularly nu- 
merous on the palms of the hands, 
and on the sol^s of the feet 

Mr. E. Wilson counted, with the 

aid of the microscope, 3538 of them 

veniuu «.uon oru. in * square inch on the palm of tho 

BOLB OF THE FOOT. hand. Beckoning the length of 



TOBHATION AND BEPAIBS. 163 

one of these at one quarter of aa inch, it gives 883 inches 
or 73 1 feet of tnbing in this Bmall space. He calcolated the 
amount of this tubing in the skin of the vhole body as 
being 48,600 jards, or nearly 38 miles. The amount of 
excretion from the seven millions of these tubes, vhich 
open on the eurfaee of the skin, is very great 

20S* Insensible Perspiration.— The perspiration 
is ordinarily insenailile, as it is termed ; that is, it is in the 
form of vapor. But sometimeB, as in vigorous exercise, 
when the sweat^gluids are rendered very active, chiefly to 
prevent too great an acGumulatioa of heat, the perspiratioii 
becomes sensible. 

206. Sebaceous Glands. — There is another set of 
glands in the skin, called sebaceous glands, which secrete 
an oily fluid. They also have thin tubes like the sweat- 
glands. They are most abundant vhere the skin specially 
needs an oily lubrication, as where there are folds in the 
skin, or hairs, or where the skin is ex- 
posed to friction, or to the drying at- ^™' **■ 
mospbere. They are very abundant on 

the face and head. Every hair has se- 
baceous glands connected with it, aa rep- 
resented in Fig. 98; in which b is the 
hair emerging from the skin ; a a are 
the sebaceous glands pouring their se- , 
cretion by thin tubes into the tube or 
canal in which the hair grows ; c the 
root of the hair sarronnded with tat 
globules. 

207. Infinence of LtOtor on 
Wear anA Tear, and on Absorp- 
tion. — By the facts developed in this 
chapter, it is thus^een that there is con- 
stant change going <)n iu all parts of the 
body. Particles which have become 

useless are taken up by the absorbents ^ „!«»«,. ium^ 

while the formative vessels deposit 

others to take their places. The rapidity vrith which this 
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change occurs, depends mostly upon the activity ol the 
individaaL The bnsy laborer, whether the labor be bodily 
or mental, requires more nourishment than the indolent 
man, because there is more waste in hia case, from the wear 
and tear occasioned by motion or thought, and there is 
therefore a necessity for a lai^r supply of repairing material. 

The difierence, it is true, is not so great in regard to 
mental labor, as in regard to that of the body ; but still it 
la very apparent. This dependence of the amonnt of 
change in the system tipon the degree of activity is very 
manifest, if we compare difierent animals in this respect. 
The frog and the canary bird, in regard to respiration, have 
been already contrasted, and they can be contrasted in this 
respect also. As the frog makes but little esertioQ either 
of body or mind, there is but little change in his body, and 
but little nutriment is required to supply the Small waste 
that occurs. But in the ever active canary there is much 
waste from this action, and therefore there must be much 
eating to supply the material of repair. 

208. Change Varies in JDifferent Parts of 
the Body, and in ttie same Body dt Differettt 
Times. — The relation thus seen to exist between the 
amount of change and the degree of activity, is exempli- 
fied in a comparison between different parts of the body. 
In those which are most actively used the change of decay 
and repair is going on moat constantly. The active mus- 
cles and nerves are continually changing ; while the bones, 
which are only passive instrumenta of motion, are changed 
very slowly. 

And it is a significant fact, that in the case of the mus- 
cles and nerves, the waste particles are to a lai^e extent of 
the entirely uaelesg kind, for they are mostly absorbed by the 
veins, these tissues containing but few lymphatics. That 
is, whenever we think, or feel, or move, we render entirely 
useless quantities of the particles which make up the stmc- 
tare of the muscular and nervous systems, and these are 
got rid of at the proper outlets, while other particIeB imme- 
diately take their places. 
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209. Xdfe a Besult of Death.—la. this constant 
change going on in the body, life and death may be said to 
be brought into very near companionship. Every act of 
the mind, and every movement of the body, breaks down 
some of the Btmcture ; and the particles, which are no 
longer fitted to maintain the living fnnctions, mnst be 
taken away as refuse dead matter, and new particles 
endowed with vital affinities mnst take their place. 

Action, destruction, repair, are the enccessive eventa 
which are ever occurring in every part of our frame. Ac- 
tion is followed by destruction, and in proportion to its 
intensity ; and repair is necessary to fit it for further action. 
And so through life the nutritive functions are thus stmg- 
ghng against the tendency to decay and death, till at length 
at the appointed limit the struggle is given over, the vital 
affinities release their hold, and the common laws of dead 
matter take possession of the body. 



CHAPTER XI. 

CELL-LIFE. 

210. The Formative Vemela shown hy the 
Microscope to be Cells. — It is found by the aid of the 
microscope, that all the minute operations of the system 
are performed by the agency of cells. They are not such 
cells aa are found in the cellular tissue, which are mere 
interstices, communicating together, but they arc bladders 
or sacs, and are filled either with a fluid alone, or with a fluid 
containing some grains of solid substance, termed mole- 
cules. The usual form of the cell when it first appears is 
globular or spheroidaL It is seldom, however, seen in this 
form ; for, besides the change of form from the pressure of 
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neighboring cells, the cells themeelTeB often assume TtrionB 
shapes from other causes. 

211. Seen in the Mood and in most other 
Farts. — Cells can be seen in the blood. If the web of the 
foot of a live frog be placed under the microscope, they 
may be seeti sweeping along in the blood-vessels, like so 
many little bladders, varying their shape, according as they 
press on each other, or on the sides of the vessel. This is 
very well represented in Fig. 99, in which a portion of .the 
web of a frog's foot is seen as magnified 110 diameters, 
Tlie dark irregular spots which you see, as at 3, 3, are pig- 
ment cells, which give the color to the part 



CAFILLARIBS IS THE WEB OF A YBOa'S FOOT. 

Cells may be seen, not only in the blood, but also in most of 
the other fluids, as well as in the solids. The solid parts of ani- 
mal bodies are composed either of cells, or of structures pro- 
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dnced by cells, oi of a mixtnre of these strnctnres with cells. 
The same can be said also of plants. Cells, therefore, are the 
real formative vessels in both claeaes of organized beings. 

212. Cells in fhe Lower Animals.— 

We have very strilfing exJiibitions of the cells in ' 
the lower orders of animals. The Hydra, a repre- 
sentatioD of which is given in Fig. 1, seems to be 
made np of little else than cells. If yon observe 
under the microscope one of iis arms, as it moves 
aboat, the motion appears to be a motion of the 
cells npon each other. There are no fibres to be 
seen, to which the motion can be attributed. 
Fig. 100 represents one of these arms highly mag- 
nified. The cells, as yon see, have somewhat of 
a spiral arrangement. 

213. Character and Color of Tissues 
dependent on the Contents of Cells. — 
The character of many of the tissues in the body 
depends on the contents of the cells. The cell 
itself, or the cell-wall, as it is termed, is con- 
sidered to be always the same. But the contents 

vary, and this variation makes generally the cbixb 
variation in the character, and in the color also, ""ib! h^h!' 
of the various textures. 

For example, all the glands are constructed essentially on 
the same plan ; and their difference depends upon the con- 
tents of the cells in them. Thus the Uver differs from the 
tear-gland, chiefly because the former has cells which fill 
themselves from the blood with the components of bile, 
while the other has cells which fill themselves with the 
components of the tears. 

The color of various parts, as the iris of the eye, the skin 
of the dark-colored, the hair, &&, depends apon a coloring 
matter which constitutes either a part or the whole of the 
contents of particular cells. 

214. Selecting Power of the Cells.-~lt is clear, 
from the facts which have been stated, that the cells have a 
selecting power. In the body they t^e from the common 
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pabnlum or material, the blood, such constitqents or snb- 
stanees as they need for their particular purposes. Illus- 
trations of this have already been given, in speaking of the 
difference in the glands. Every coll contains its owa pecu- 
liar conBtituents, which it has taken from the blood. For 
example, there are fat-cells which receive fatty matter from 
the blood, rejecting everything else ; pigmentary cells receiv- 
ing nothing bnt coloriag matter from the blood, &c. The 
same thing appears too in plants. There are cells which 
receive from the sap volatile oil ; others, fised oil ; others, 
Btarch -y others, coloring matter, &c. 

Flnids, and sometimes gases, enter the cells continnally. 
The pores through which they enter are not visible even 
through the microscope, but of course such pores must exist 
Their entrance is controlled by the selecting power to which 
allusion haa been made. 

313. Cells Real Jjohoratories. — Not only is there 
a selecting power in the cell, but there is often a convert- 
ing power, by which new compounds are formed from the 
constituents introduced into it. The cell in this case, 
though so small as to be seen only by a microscope of 
considerable power, is a real laboratory, efEecting chemical 
changes in its contents. There can often be seen quite a 
brisk movement in the molecules in the cell while these 
changes are going on. 

216. Different 0#ces o/ Ce??«.— Cells, as has been 
already stated, do not all perform the same office, but there 
are cells for a great variety of purposes. 

There are diflerent kinds of cells in the blood. There are 
colored and colorless ones. The office of the colorless ones 
has not yet been satisfactorily determined. Bnt we know 
more about the colored ones. Tliese give the red color to 
the blood. They are not red when looked at singly, but are 
of a yellow cast ; and the red color appears only when 
several are together. 

iil7. Office of Bed Cells in the Blood.— One 
office of these colored cells is to carry oxygen to all parts of 
the system, and return the carbonic acid to the lungs to be 
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thrown o£F. By carrying these c&rgoes back and forth in 
the circulation, these little cells perform a very important 
ofBce. A very valuable part of the cargo of these cells is 
iron. In low states of the system, when the red cells are 
deficient, the administration of iron in some form is oft«n 
found to be very eSeotoal, in connection with a good diet^ 
in remedying the deficiency. 

The proportion of these red cells yariea much in different 
animals, it is largest in those which are the most active. 
The proportion is greater generally in birds than in the 
mammalia, and it is much greater in the latter tiian in rep- 
tiles or fishes. In man it varies much in different iudivid- 
nals. These cells are abundant in the ruddy, strong, and 
active ; while they are less numerous in the inactive, ptde, 
and feeble. 

218. Manner in which Absorption is Per' 
formed by Cells. — ^There are cells for absorption, and 
cells for secretion and excretion. It has been said in the 
chapter on Digestion, that the vessels called lactaals absorb 
chylQ from the contents of the intestine. It was formerly 
supposed that they did this through their open mouths on 
the surface of the mucous membran& But the absorption 
is accomplished by cells, which are developed for this pur- 
pose at the extremities of the lacteals. They take up the 
chyle and discharge it into the lacteals, and they are dis- 
solved away in the very act of emptying themselvea 

A new crop therefore of cells appears every time the pro- 
cess of absorption is to be performed. And, what is still 
more curious, every time that absorption is to take place, 
there is cast oflj as a preparatory st«p, a sort of pavement 
of cells from over every point in the mucous membrane 
where there is an extremity of a lacteal. The absorbing cells 
are thus uncovered, so that they can perform their duty. 

All this can be made clear by the following diagram. The 
surface of the mncous membrane of the intestine is not a 
perfectly smooth surface, but examined by a microscope, it 
is seen to be covered with eminences and depressions. Ab- 
sorption takes place on the eminences, while the depresfflons 
8 CiOO^jlc 
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are the seata of secrotion. In the diagram. Fig. 101, yoa 
have a repreaentatioii of the arrangemeDt of one of the 
eminences highly magnified- A repreafents it aa it is in the 
intervals of digestion when absorption is not going on, and 
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B ae it is during absorption ; a a are the absorbent Tessela 
or lactea)8 ; b b basement membrane, as it is termed, an 
exceedingly thin membrane acting as a basement to the 
pavement cells ec; d d the absorbing cells. When absorp- 
tion is not going on, the prominence is somewhat sbranken, 
and the pavement cells cover it. There are some granules 
or small grains, d, in A, which are, it is supposed, the germs 
of the absorbing cells, which you see developed in B. When 
absorption is taking place the prominence is swelled out as 
represented, the lacteal vessels are full, and the absorbing 
cells appear at their extremities, while the pavement cells 
have been thrown oft, so that the chyle may have free access 
to the absorbing cells through the pores or interstices of the 
basement membrane. 

219* Manner in which Secretion is Effected 
by thetn. — While absorption thns goes on in the emi- 
nences, secretion takes place in the depressions. The dia- 
gram, Fig. 102, represents one of these depressions, or folli- 
cles, as they are termed, in two opposite states, when secret- 
ing, and when not secreting. In A, secretion is not going 
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OD, and the oelle e, in the follicle, remain qniet. In B, on 
the other hand, secretion is taking place, and it is done by 
the casting oS of cells, aa represented. These cells dis- 
charge their fluid contents into the cavity of the inteBtine, 
and disappear, while other cells take their places. These 




follicles are really little glands. And the Tarions glands, 
the sahvary glands, the liver, the pancreas, Ac, are made np 
essentially of such follicles arranged in different ways. 

220. Muscles made up of Cells, — There are some 
cells which are devoted entirely to the production of motion, 
for an ordinary muscle is composed of great nnmhers of 
chains of cells included in sheaths bound together. A 
muscle appears to the naked eye to be made up of fibres. 
Each ono of these fibres is found by the microscope to be 
composed of from 500 to 800_/WnKt8, or minute fibres. And 
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each of these fibrillse is a series or chain of cells. In Fig. 
103, a, is represented a fibre as seen under the microscope, 
showing the fibriUie of which it is composed. They are 
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separated at the broken end by the riolence in tearing the 

^bre. In J, you see one of the fibrillffi Tery highly mini- 
fied, showing that it ia a chain of cells. In 
the diagram, Fig. 104, is represented the con- 
dition of a fibrilla in the two states of con- 
traction and relaxation. In a it is relaxed- 
In b it is contracted, the cells being short- 
ened, and at the same time widened. And 
as all the cells in the muscle are thns widened 
when the muscle oontracte, we see the cause 
of the well known sweUing out of muscles 
when they are in action. That yon may form 
some idea of the size of these cells in mus- 
cles, I will state that in the space of the 
square of a tenth part of an inch, thus, D, 
there are orer 100,000 of these cells. 

231. Moofa, Horns, Kails, and 
Teeth made by Cells. — There are cells 
whose office is to make certun solid deposits. 
Hoofs, horns, nails, and teeth are made in 
this way. Even the hard enamel of the 
teeth is constructed by cells. They deposit 

it in the form of prisms of hexagonal shape as seen in Fig. 

105, which represents a vertical section of enamel as seen 

Fig. 105. 
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under the microscope. Their shape is more plainly seen 
in A, Fig. 106, which represents a transverse section of 
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enamel l%e line of these prismB is generally wavy, bat 
they are tat tiie most port parallel to each other. At B are 
some of these prisma separated. They are more magnified 
here than in Fig. 105. 

Pia. 10». 
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222. JVerveg composed of Tubes made from 
C^ls. — The nerves are bundles of tnbee of exceeding 
fineness. They vary f1x)m i-jVir'^li *" nr.Vinrth of *ii ™t;h in 
diameter. Now, each of these little tnbes, or tubuli, aa 
they are called, was once a chain of cells. The cells in 
each chain or row, as the microscope has shown, gradually 
becune incorporated together to become a tabe, and in this 
tube is contained the tme nervous matter. 

And it is snpposed that each of these tubuli preserves 
itself separate and distinct, from its origin in the brain, or 
some other of the central organs 
of the nervous system, to it« ^^- '*"• 

termination in some fibre, or -A. B 

on some surface. For no com- Q W f ] 
municationB between the tubnli X f"! H 
have ever been found by any X /"S M 
microacopist The manner in Q ( j ( J 
which these tubnli are made O O C j 
from cells may be illustrated by 
the diagram in Fig. 107, in which the steps by which the 
row of cells A becomes the tube B are represented. 

223. All Organixed Substances built itp by 
Cells. — All animated nature is bnilt up by cella The first 
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thiDg vhicli oomes from tlie supposed germ is a celL And 
this single cell is the parent of all the cells which build np 
the whole strnctnre, whatever it be. It is by these cells thus 
produced, that ^1 plants and animals are constmcted. "A 
globular mass," says Carpenter, " containing a large number 
of cells is formed before any diversity of parts shows itself; 
and it is by the subsequent development, from this mass, of 
different sets of cells, of which some are changed into 
cartilage, others into nerve, others into muscle, others into 
vessels, and so on, that the several parts of tlie body are 
nltimately formed." 

224. Arrangement of the Farts of the Egg.— 
By an examination of different eggs at different stages of 
the process of hatching, the various steps in the develop- 
ment of the animal have been observed and noted. In the 
middle of the egg is the yellow yolk, composed of albumen 
and oil globules. It is surrounded by an exceedingly thin 
sac, which keeps it separate from the albumen, or white of 
tlie egg that envelopes it The yolk h, Fig. 108, is lighter 

FiQ. 108. 
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than the white, and it therefore slwaya seeks the highest 
point in the egg. But it is held down by two-very delicate 
ligaments e, e, connecting it with the white lining of the 
eheU. And you wUI observe, too, that the cicatricula, or 
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germ-spot, a, which is a collection of cells beginning the 
process which is to fonn the animal, being lighter than the 
yolk is always at the top of it, in order to receive the 
warmth from the body of the bird as it sets upon its egga. 
There is at the blunt end of the egg, /, a bubble of air 
which is intended as an invigorating draught for the longs 
of the young bird preparatory to its bursting its shell 

22S. Succession of Cells in the Tolk before 
the Animal is formed. — When the processes prepara- 
tory to the formation of the animal commence, the yolk 
itself is composed in part of ceUs, as represented in Pig. 109, 
A. In the midfit of it there is a germinal spot, a, with a 
vedcle in it, i. This vesicle produces a cluster of cells. 



DEVELOPHKnT OF CBLLS HI THE YOLE DUBHia DICOBATIOR. 

But these cells, and those which in part compose the yolk 
are temporary, and all disappear. Before, however, the 
cluster of cells in the germinal spot disappear, there w« 
seen in the midst of them two twin cells. These multiply ; 
and what is singular, they do it by doubling, ao that there 
are snccesBively 4, 8, 16, 32, &c. At length there is a mass 
of them like a mnlbeiry, as at e, la B. This nuiss then 
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Benda oft cells at its edges which makes a layer, /, all roand 
the yolk as represented in C. A second layer, g, is fanned 
inside of the first as seen in D. In the case of the higher 
anim^ a third layer is added. 

226. Itevelt^pinent of Organs. — There is no for- 
mation of the animal yet. Soon, however, s single lai^ge cell 
appears in the center of the mulberry-shaped mass of cells, 
iuid from this begins the formation of the animal. All the 
other parts of the egg — the cells, the yolk, the white — are 
tribnttuy to the action which proceeds from this cell- 
Within its wall ia a ring-like nnclens. This takes the shape 
of a pear, and then it is afterward very mnch hke a Tiolin. 
From this nucleus are produced cells which form all the 
varioua parts of the animal, the heart, lungs, stomach, 
brain, limbs, &c. And these are made of the yollc and the 
white of the egg. 

From the -views which have been presented in this chap- 
ter it is manifest, that ihe grand distinction ietween organized 
and unorganized substances is to be found in this celt-life of 
the organized. In unorganized substances particles or mole- 
cules are the only things which we know of as being con- 
cerned in their formation. But in the construction of 
organized substances or beings, every thing is done by the 
agency of cells. And in this cell-life of the living world we 
have anotiier beaatiful ezample of the divers and almost 
numberless results which the Creator works out by simple 
and single means. 

As gravitation holds atoms together in masses of every size 
from the minutest to the largest, and keeps the mighty orbs 
in their appointed circuits, so cell-organization oonstmctB 
and moves all living things, however small, however large, 
and however diversified, 

22t. The Power of the I>eity shown in the 
Minute Operations of Nature.~As we examine 
the varioua workings of this cell-hfe, we can not but per- 
ceive the truth of the old adage, Natura in minimis 
maxima est — nature is greatest in the smallest things. The 
power of mere bulk or mere force we can comprehend by 
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mental addition, however great that poirer may be. We can 
imagine a power which we see, to be indefinitely multiplied, 
and thns can form the idea of immense power. Bat 
when with the microscope we see minute cells working ont 
snch resulta as we bare contemplated in this chapter, and 
inqaire how it is done, we see that there is a bidden power 
here that utterly defies our conception. The mechanics and 
the chemistry of the cell, who can nnderstaud them ? 

From the inscmtable movem^its of this hidden power, at 
work wherever life is, in the cells, its laboratories, we get a 
higher idea of Omnipotence than we can get from the 
grandest and moet tarific exhibitions of mere fbrce. We get 
from them the idea of an all-perrading, as well as an all- 
wise power, working not merely in every locality, but at 
every point of the universe. And the revelations which the 
microscope makes to us seem to draw ns very near to the 
Infinite. As we gaze with vtHider and delight at the secret 
operations of bis power thus opened to us, we seem almost 
to be admitted to his presence ; and even our awakened 
curiosity, amid the wonders now brought into our field of 
visi<m, does not suffice to remove the awe which almost 
oppresses us. 

How great is the inner beauty of the living world around 
usi We admire the symmetrical forms, and the beautiful 
colors which nature presents to us in snch variety; but 
there is an inner world of beauties thronghont nature, still 
more perfect and resplendent, which is hidden from the 
naked eye of man, though it is all open to the Omniscient. 

If you would get some idea of the beauty of this inner 
world, take the most delicately beautiful of all the specimens 
of man's workmanship, and examine it with a microscope; 
and then compare it with some living texture or coloring. 
Compare in this way, for example, the moat perfect painting 
of a flower with the flower itselC The painting loses all its 
beauty as it is magnified; but in the bosom of the flower 
the microscope develops to yon beauties fax transcending 
those which are seen by the unassisted eya Even sach liv- 
ing structures as are unattractive to the naked eye, present 

.,i-, Google 



178 PHYSIOLOGY AND HYGIENE. 

under the (nicroBCope wonderfal beauty in the delicate Hnea 
of their textures. 

It ia true of every one who has used this instrument in 
hie observation of nature, that he is impressed with the &ct 
that, great as is the beauty of nature, as we look out upon it, 
it is vastly inferior both in kind and in amount to that 
inner beaaty seen so completely by the all-seeing Ey^ and 
now developed to us in part by the skill and ingenuity of 
man. And it snggeats to ns the hope, that in a new state 
of being, and with higher iaculties, we shall be able to look 
Cirther into these inner beauties of the universe, than we 
now can with . all the aids wbicb our ingenuity cm devise.* 



CHAPTER XII. 
THE NERVOUS SYSTEIJ. 

228, Frocfiss of Ifutritian. in JPlants and 
Animals quite alike. — Thna far we have contemplated 
man merely as a structure. We have observed the means 
by which the body ia built and is kept in repair. We have 
seen that the functions of nutrition in man and all animals 
have much in common with those of plants. So &r as 
these fnnctions are concerned, they vary from plants only 
in the modes by which the nutrition is effected. 

The absorbents in the root of the plant do for the plant 
what the lacteals in the digestive organs do for the animal, 
the difference between them being only according to the 
differing circumstances. So also, circulation and formation 
are in all essential points the same in these two different 
departments of animated nature. 

• I could not find it in my heart to cut ont the above paragraphs 
relating to the power o( the Deity shown in the minate operations o( 
nature ; tbongh they contain little of direct instniction, the reading of 
them can not fail to mAke a good impree^n.— Ed. 
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229. The Nervous System — th» Eaaentita 
IHfference between Flants and ^nimo/s.— The 

functions vhich have been treated in the preTious chaptera, 
as being common to planta and animala, are called the fnnc 
tiona of organic life, because they concern merely the strac- 
ture, the organization. Bat there are other functions. The 
body, with all its complicated parts, is constructed and kept 
in repair for certain uses. 

These uses are secured by the nervons system, — a system 
which is superadded to what the animal has in common 
with the plant, and which, therefore, constitutes the essential 
difference between the animal and the plant. This system 
furnishes the means of the relations of the animal to the 
world aroond him. 

He receives his impressions fh>m esternal things through 
this cistern ; and through it be acte npon external things. 
He feels through the nerves, and by the nerves excites those 
motions by which he acts on both material and immaterial 
existences. 

The functions, therefore, which are performed through 
this system, are caUed functions of animal life, in distinction 
from the functions of organic life, which are common to 
vegetables and animals. They are sometimes also ci^ed 
functions of relation, in view of the relations which it estab- 
lishes between sentient and moving beings, and all external 
things. 

230. The Nervous System, and its Subordi- 
nate Instruments. — The nerves do not themselyes 
move, bnt they excite motion in mnBcles, and these move 
bones and other parte. Neither is sensation performed by the 
nerves alone. The different senses, for example, have differ- 
ent organs, with arrangements differing according to the 
kind of sensation. Mere nerves alone do not see, or hear, or 
taste, or smell, or touch. 

There are special organs constructed for these purposes ; 
and through these, the nerves receive impressions. Thus the 
nerve of sight can not of itself see; but the eye being there, 
so formed as to have pictured on a membrane the images of 
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objects, the nerve receiTes an impression from these images, 
and this impression is transmitted through the trunk of the 
nerve to the brain, where the mind takes cognizance of it; 
and thia constitutes seeing. 

231. Tlie Higher the Sank themore Compli- 
cated the Ifervous Bystem. — The nervons system in 
the lower orders of animals is very simple, and forms an ex- 
ceedingly small part of the animal. But, as ve rise in the 

. scale, we find that, as the limits of relation to external things 
enlarge, this system becomes more prominent; till, in man, 
in whom these relations, both mental and physical, are 
much more extensive than in any other animal, it is very 
prominent and greatly complicated. 

232. JU Knowledge Acquired and Conmtu- 
nicated by Nerves. — A child as it first opens its eyes 
upon tbia world, knows nothing at the outset of shapes, or 
colors, or distances, or any other relations of things. This 
is all to be learned through the nerves and their subordinate 
organs. And as all knowledge is acquired through the 
nerves, so it is communicated through nerves to others. 

It is communicated by the motions that are excited in 
the muscles by the nerves ; by the motions of the countenance 
varying its expression; by tbe motions of the limbs, or 
gestures ; but especially by the motions which produce and 
articulate the voice. Thought and feeling can be communi- 
cated in no other way than by muscular motion, 

233. Parts of the Nervous System. — The nervous 
system may be considered as having three parts: 1, certain 
central parts, as the brain and spinal marrow ; %, nervous 
trunks, which going from these central parts divide and sub- 
divide, as the arteries do, till they become exceedingly 
minute ; and 3, the nervous expansion iu the organs, having 
a relation to the nervous trunks similar to that which tho 
capillaries bear to the arteries. 

In what we call sensation we suppose that an impression 
is produced in the nervous expansion, that the trunk serves 
to transmit it, and that through the nervous center, the 
br^n, it is communicated to the miud. 
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234- Conditions Necessary to Sensation, and 
Motion. — Let ub see now what is necessary to this com- 
pound act, tenued sensation. First, it is necessary that 
the organ There the nerve is expanded be in a condition 
to let the nerve receive the impression. If the eye be bo 
injured in its textures that the impression can not be made 
on the nerve, there can be no vision. 

It ia necessary, also, that the trunk of the nerve he in a 
proper condition. If the nerve of viaioa be pressed upon 
by a tumor, there will he no impression transmitted from 
the images formed in the eye. So, too, if a nerve going to 
any part of the body be cut off, there can be no transmission 
of impressions to the brain from that part 

Again, it is necessary to sensation that the brain should 
be in a state to communicate the impresBion to the mind. 
If the brain be pressed npon strongly by a depression of the 
eknil fi'om violence, or hy effusion of blood by the rupture 
of an art«ry, as sometimes occurs in apoplexy, there can be 
no sensation. 

Excitement of mind, too, sometimes prevents the occur- 
rence of sensation, by itsactibn npon the connection between 
the mind and the brain. The p^n of a wound received in 
battle is often unfelt, until the excitement of the battle is 
over. The aching of a tooth is often stopped by the excite- 
ment consequent upon going to the dentist to have it ex- 
tracted. 

In these cases the cause of the pain is acting all the while 
upon the nervous extremity, and the trunk of the nerve is 
capable of transmitting the impression, but the state of the 
mind is such, and snch is the consequent condition of the 
brain, that the sensation does not occur — one link in the 
necessary chain is defective. The same can be said as 
regards the necessity of each of these links of the chain, in 
relation to voluntary motion, as well as to sensation, 

235. General Plan of the Nervous Syntem,.— 
In Fig. 110 there is presented a general view of this system, 
— the central organs with the nerves going out from them. 
At a is the cerebrum, the upper large brain, filling up a con- 
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siderable portion of the skull ; at 5 is tlie cerebellnm, the 
BmaJler brain, lying beneath the cerebmm at its back part: 
at c is the great facial nerr^ the chief nerve of the lace ; the 
spinal marrow, d, Bonds off branches on either side in its 
■whole length ; at e is the brachial plexna, a bnndle of nerves 
coming from the' spinal marrow, which here nnife together, 
and are then distributfd to all parts of the arm; at t is a 
similar plexns from which are distributed nerves to the lower 
extremity ; /, ff, and h point to different nerves in the arm, 
and I, m, n, and o to different nerves in the leg. Yon observe 
that the wholB of this nervous system ia divided into exactly 
similar halves. The cerebrum and the cerebellnm are both 
double organs, and the nervee of one side are just like those 
of the other. 

Fio. Ill 
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236. Bemispherea and Lobes of the Brain. — 

Having thus noticed the general arrangement of the nerrous 
system, observe next the arrangement and structure of the 
lo^iu which are seen in Fig. 111. This Figure weaeuts to 
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yiew a perpendicular section of the brain, ae made from fbint 
to rear, dividing it into two halves. Yon have here a view 
of the inner Bur&ceofooe hemisphere, a« it is termed, of the 
cerebrum, the large upper brain, which is commonly described 
as having three lobes or divisions: a, the anterior; d, the 
middle ; and c, the posterior. At / is the broad band of 
white fibrous matter, which anites the two halves or hemi- 
spheres, of course divided in the section ; at tf is the cere- 
bellum, showing a pecuhar arrangement, called the arbor 
vita, or tree of life; at ^ is the beginning of the optic 
nerve which goes to the eye ; / is the olfactory nerve; e is 
the commencement of the spinal marrow. 

237. Distribution of Tferves.—'Tbe many nerree 
which you see, ara distribnted to various parts of the face ; 
the nerve at h goes to the tongae ; at i, to the throat; and 
at m, to one of the muscles of the eye. From the beginning 
of the spinal marrow go forth many nerves, one of which, 
k, is a very important one, as it sends off branches to the 
lungs, the heart, and the stomaoh. It is this part of the 
nervous system, the top of the spinal cord, that is most 
immediately essential to the continuance of life. For it 
is through their nervous connections with the top of the 
spinal marrow, that the heart and Inngs continue to perform 
their dnty. 

238. Functions of Respiration 'and Circu- 
lation depend on the Spinal Cord. — It has been 
ascertained, by experiments upon animals, that the cere- 
brum, and even the cerebellum, may be destroyed, and yet 
the animal will continue to breathe, and the circulation 
will go on for some time. Bat the moment that this part of 
the spinal cord is destroyed, from which the heart and lungs 
are supplied with nerves, the breathing and the circulation 
stop and the animal dies. So, too, in apoplexy, if the 
effusion of blood take place at the top of the spinal mar- 
row, death will occur, and in much shorter time, than if 
the eSusion take place in the cerebrum or cerebellum. 

23it. Cerebrum. — You observe that the cerebrum 
Las deep irregular furrows on ita surface, and that it pre- 
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sents nndnlating tortuous projectiouB. These are called 
the convolutiotis of the brain. Into the furrows between 
tbem dips dowa the membrane, in which branch oat the 
arteries that supply the brain with blood, and the Teiua 
that return it from this organ, 

This membrane is, from its soft and delicate texture, 
called the pia mater (soft mother), while the stout fibrous 
membrane which lies outside of this next to the bony 
covering is called the dura mater (or hard mother). The 
names are entirely inappropriate, for the Utter serves as a 
protection to the brain, and the former is merely a vehicle 
or medium for the entrance of the blood-Tessels into the 
brain. There is another membrane lying between these 
which is called the arachnoid membrane, because in its 
tenuity and deHcacy it resembles the spider's yi^. It is 
one of the serous membranes, and it serves as a protecting 
envelope to the brain, and at the same time, by ite sernm, 
keeps this organ bedewed with moisture over its whole 
surface. 

240. Oray and White Substances.— lbs substance 
of which the brain is composed is very soft, something like 
blauc-mange. It is the softest organ in the body. In color 
it is not uniform tbrongbout. All around the white inner 
part of the brain there is a thick layer of gray substance. 
In Fig. 113 yon have a horizontal section of the brain, 
showing the proportions and arrangement of the gray and 
the wbit« substances. As the gray substance dips down, 
as you see in the figure, into all the furrows, its estent is 
greater than would at first view be supposed. In the mid- 
dle is represented the broad baud connecting the two hemi- 
spheres of the brain. You observe in Fig. Ill and Fig. 113, 
that there is no apparent arrangement of the external parts 
of the brain which would give countenance to the idea of 
the phrenologist in relation to its diviMoo into particular 
organs. The convolutions, far from presenting any well- 
defined arrangement, are exceedingly irregular. 

341. Uie Gray Substance tnade of Cells; 
the White, of Tubes. — The gray snbstance, which is 
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sometimes called the cortical (bark-like) substaDoe, becaiue 
it gnrFoandB the white central part of the braia, is made ap 
of cells, while the white part is composed of exceedingly 
minnte tubes. These tubes are continued into the nerves, 
and Bs they hold the nerroas matter, the; constitute the 
medium of commtmication between the brain and all parte 
of the body. 

Thia function of communication is the sole function of 
the white nervous matter. In the brain this white matter 
is a mere collection of tubes, uid these branching out in 
bundles form the nerves. These tubes are supposed to be 
entirely separate 'from each other, from their beginning in 
the brain to their termination iu the various parts of the 
body, for the microscope has never discovered any union 
between them at any point 
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The brain, then, is a great central organ of commnnica- 
tioD, where innnmerable miunte tubes are brought together, 
each of which is connected with some one moTing fibre, or 
Bome one sensitiTe point in the body. Those which are 
connected with muBcular fibres transmit impressions from 
the brain, and those which are connected with senaitiTe 
points transmit impressions to 
it Of the size of these tubes Fio. 118. 

you can judge by Fig. 113, 
which shows some of them as 
they appear magnified 350 diam- 
eters. 

«4j2. Oi^ce of the Gray 
Matter.— The office of the 
gray substanoe, it is quite well 
ascertained, is very difierent 
from that of the white substance, 
as the difference in its structure 
would lead us to suppose. It is 
more intimately connected with 
the mental operations than the 
white substance. When, for example, motion is produced in 
obedience to the will, the impression prodncing the motion 
is transmitted through the white matter, but the cause of 
this impression does not act directly on this matter. The 
impression is cansed by the action of the mind on the gray 
matter, and the white substance serves only to transmit it. 

The gray matter, therefore, has a more active agency than 
the white in the production of the phenomena of the mind 
and the nervous system. It is the first link in the chain of 
connection between the spiritual and the physical in onr 
nature. Hence, in examining the brains of animals, we find 
that the higher the intelligence is, the more abundant is the 
gray substance ; and it is especially abundant in man, in 
consequence of the large development of the con volutions. 

243. The Gray Substance well supplied with 
Artevial Stood. — A due supply of arterial blood is abso- 
lutely esBential to the vigorous performance of the functions 
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of the gray sabstance. If the supply be cat off in any way, 
as by the failnre of the hearf a action in fainting, insensi- 
bility and loss of the power of motion are the consequence. 
While the gray substance ia on the outside of the brain, it is 
on the inside of the spinal marrow. 

244. Ganglions and Plexu8e8,--li is ^so on the 
inside of the little bodies called ganglions, scattered here 
and there, as depositories of nervous force — ^little brains, as 
we may term them. These ganglions are not merely a part 
of the. apparatus of communication, aa are the plexuses, 
which are mere combinations of nervous trunks, as seen 
in Fig. 115, 1 1 being the trunks, which, after aniting with 
each other in various ways, again separate to go to their 
different destinations. 

Fio. 114, 




At g, in Fig, 114, is a ganglion into which the fibres, /, of 
the nerve, n, run. They then separate again into branches 
S. These ganglions produce nervous force, and therefore 
are composed like the brain in part of gray substance. The 
spinal marrow, too, produces as well aa transmits, and ao 
this substance forms a part of it, 

24S. Changes in the Jferve Cells,— 1!bia gray 
substance, as it is in constant operation, is subject to much 
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veftT and tear, as we may express it, and therefore the 
changes of repair are conatantly going on in its stmcture. 
Hence the necessity for so large a supply of blood as is 
secured by the network of vessels, among which the cells 
peculiar to this enbstance are scattered. 

246. Termination of the Nervous Fibres.— 
The extremities of the fibres, or rather of the tnbnli, (Fig. 
113) of the nerves terminate Tariously. The most common 
termination is in loops, as seen in Fig. 116, which repre- 
sents the termination of the nerres as seen through the 
microscope in a thin perpendicular sectiou of the skin of 
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the thumb. The three eminences in this figure are those 
of the papilla, as they are termed, which you can see, if 
you look at the ball of the thumb, are arranged in curvi- 
linear rows. In Fig. 117 yon see this same loop-like arrange- 
ment of the nervous tubuli, as seen through the microscope, 
on the sensitive sac that lines the cavity of a tooth, the 
entrance for the nerves and blood-vessels of this sac being 
at the end of the root. 

247. Pacinian Corpuscles, their Office not 
tenoton. — One very singular termination of the nerrona 
tubuli, is in what are called Pacinian corpuscles, after 
Pacini, the first microacopiat that discovered them. They 
are found attached to the nerves in the hand and foot more 
often than any where else. Their structure, which is seen 
highly magnified iu Fig. 118, A, is very curious. T^ey are 
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attaclied to the branches of the nerres, oq which the; clns- - 
t«r by little peduncles or stalka. At a is the pednncle ; h is 
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the nerrons fibre or tubulns ; / is its termination in the 
eorpusole. In B is represented a portion of a nerve of a 
finger, with clusters of these corpuscles of about the natural 
size. Of what use these singular bodies are we know not 
It has been aupposed by some that they are minute elec- 
trical batteries, because they bear some resemblance to the 
electrical organs found in some fishes. 

24S. Sealing of Nerves. — There is a wonderful 
fact in regard to the healing of wounded nerves which must 
not pass unnoticed. You know that if a nerve be divided, 
no impressions can he transmitted through it to and from 
the brain. But the two cut ends of the nerves can grow 
together, and the communication can thus be more or less 
restored. Sometimes it is perfect as before. Now, if you 
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call to miad the structure of a nerrons trunlc, yon will see 
that this is paBsing wonderfaL It is made up, you wUl 
recollect, of tubnti vhich are entirely separate from each 
other, aud each one of these goes, from its origin in the 
nerrons center to its destination, by itself It is diffictilt to 
conceive, therefore, how the nerve can be healed without 
creating confusion. 

24.9. Mce Fitting of the lhtbuli.—For to avoid 
this, it would seem te be necessary that each little tube at 
its cut end must unite with its corresponding end, and not 
with the end of some tube with which it has no relation. 
7or example, if the nerve distributed to the hand were cut, 
it would not do, as it seems to us, to have tubuli which go 
to the thamb unite with those which go to a 0nger. 

And besides, as it will soon be shown you that the tubnU, 
through which the impression that produces motion is 
transmitted, are separate from those which transmit the 
impression that causes sensation, it would not do for a 
tnbnlus of one kind to unite in the healing with one of 
the other kind. 

That there is, however, a very accurate union effected, is 
manifest from the observations of M. Brown S6quard. 
He examined in animals nerves which were divided twelve 
months before, and could not discover the point of divi- 
sion even with the aid of the microscope. If the tubuli 
were not all made perfectly continuous as before the 
nerve was divided, the microscope would have revealed the 
defect. 

But it takes time to effect this adjustment of the tubuli, 
for it was found by Dr. Haighton that after dividing nerves, 
their functions were not restored till some time a^^er they 
were apparently healed. 

230. Kew Ifervous Connections Formed, — 
Taking this view of this interesting point, the difSculty is 
greatly enhanced, when we look at the union of parte that 
did not originally belong together, as, for example, when a 
piece of skin is dissected from the forehead, and is twisted 
down so aa to be made to grow on to the nose to supply a 
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deficiency there. Here entirely new relations are estab- 
lished between the nerves of the divided parts, and, as we 
shonld expect, there is contndon in the sensations. The 
patient, at first, whenever the new part of hie hobo is 
touched, refers the sensation to the forehead. Bat this 
confnsion of the sensations is after awhile reraoTed. And 
it la cnrioua to observe, that while the old nervooa connec- 
tion b are breaking np, and the new ones are becoming 
established, there is an interval of partial, sometimes entire, 
insensibility in the part. How these new relations can be 
established consistently with the known arrangement of 
the tnbnli in the nerves ie a mystery. 

251. Nerves of the Spinal Marrow Com- 
pound. — The nerves through which the mind sends its 
messages to the mnscles, are not the same as those through 
which it receives impreseione in seneation. In and about 
the face, the nerves of motion and sensation are, for the 
most part, entirely separate from each other. But in other 
parts of the body, the fibres or tubuli for motion and sensa- 
tion- are mingled together in the same nervons trunk, in- 
closed in one sheath. 

It is found that each of the nerves, comiug ont from each 

side of the spinal marrow, has two roots, which unite, 

Fio. 119. '^'^ ^^ inclosed in one sheath. This 

a, arrangement is represented in Fig. 119, in 

^^\ which a is a portion of the spinal cord; 

ijk' d the anterior root; b the posterior root; e 

^L.....(; the trunk formed by the union of these two 

_7f\i roots; and/ a branch of the nerve. At e, 

^— ^ i lL-j on the posterior root is one of the ganglions, 

J ^ or little brMns, previously mentioned. Why 

CORD ^^^^ *"* placed on these posterior roots, and 

not on the anterior, or why they are placed 

here at all, we know not 

252. Different Nerves for IHfferent Offices.— 
It has been ascertained by many experiments on animals, 
that the posterior roots are composed of tnbuli, which bring 
impressions to the spinal marrow; while the anterior am 
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composed of tnbali which carry impreseioiia from the spinal 
marrow. For, if the Bpiual cord of an animal be laid bare, 
and a posterior root be irritated, paia is produced; but 
if an anterior root be irritated, Tiolent motions are cansed 
in the parts to which the nerve is distributed. That is, 
the posterior root is a nerve of sensation, and the anterior 
a nerve of motion. It is a matter of convenience that 
they unite and are mingled together in the same sheath, 
for they are to be distributed in the same parts. In and 
about the face the nerves of motion and sensation are kept 
for the most part separate, as before stated, merely because 
it would be no convenience in any case to put them together 
in one sheath. 

2S3.' Jferven of fecial iSenaation.—Bnt not only 
are there different nerves for sensation and for motion, 
but there are also different nerves for different kinds of sen- 
sation. Thus, in the eye, the optic nerve which transmits- 
the impressions from tiie images formed on the retina, as 
will be shown in the Chapter on the Eye, is wholly separate 
from the nerve by which any pain or irritation is felt in this 
organ. The latter is called a nerve of common sensation — 
the former a nerve of special sensation. So in the nose, 
the nerve that takes cognizance of odors is a different one 
from that by which irritotion of the lining membrane is felt. 
The snnfE-taker smells the snuff vrith one nerve, and feels 
tingling with another. 

Each set of nerves is fitted for its own peculiar office, and 
has for this its own peculiar susceptibility. Thus, the nerves 
of touch are insensible to light, and, on the other hand, the 
nerves of vision are insensible to touch. If, therefore, the 
nerve of yiaion be paralyzed, but the nerve of common sen- 
sation in the eye be unimpaired, although there is no seeing, 
the eye is as sensible to irritation as ever. 

On the other hand, if the nerve of vision be unimpaired, 
and the nerve of common sensation be paralyzed, as some- 
times happens, the individual can see, but he has lost the 
sentinel that stands guard over the eye, and by its warning 
of pain keeps it from injury. Wha^ therefore, is flying in 
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the atmosphere may lodge in the eye, and thoagh it pro- 
dace no pain, it will excite inflammation by irritating the 
oapUlarieB. 

When the nerve of common sensation ie in a healthy 
state, the moment any thing gets into the eye great pain ie 
produced, and the teara Sow and the eyelidB are in constant 
motion ; and by these insdnotive means, as we may term 
them, the irritating substance is remored. But when this 
nerve is paralyzed, although the irritating substance pro- 
duces no pain, it gradually causes inflammation in the deli- 
cate vascular texture of the eye. 

2S4, Different Degrees of Sensibility in the 
Various Parts of the Body.— Different parta of the 
body are endowed with different degrees of sensibility, ac- 
cording to their necessities, in relation to the waning of 
danger. Thus the skin is the most eensitire part or organ 
of the body, that it may warn at onoe of the approach of 
danger ; while the internal parte hare much less sensibility, 
and some of them have none. In the performance of opera- 
tions, therefore, the great suffering ia in the cutting of the 
akin. There is very little, sensibility in the muscles, and 
there is none in the bones. 

The following fact illustrates the use of the sensibility of 
the skin in the prevention of injury. A man who had lost 
all sensibility in his right hand, but retained the power of 
motion, lifted the cover of a pan when it was burning hot. 
Although he was not aware of any effect at the moment, 
the couBeqnence was the loss of the skin of the Angers and 
of the palm of the hand, laying bare the muscles and 
tendons. 

2SS'. Inflamed Pa^tsvery Sen«f«wc.— Although 
there ia so little sensibility in the internal parts in their 
healthy condition, yet when they become inflamed they 
become painful, sometimes acutely so. Thufi, an in- 
flamed bone is the seat of severe pain; and the tendons, 
although nearly insensible ordinarily, become very painful 
when inflamed, as any one that has a deep-seated felon can 
testify. The question as to the cause of this change of 
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sensibilily we will not stop to discnes, bat that there is a 
beneToleot object in it is very manifest If inflammatioa 
caused no pain in snch parte, it might go on to a destructiTe 
extent without the person's being aware of the danger, and 
therefore without his applying for medical aid. 

236. Nerves not Sensitive. — It was formerly enp- 
posed that a nerre moBt of course have an exquisite sensi- 
bility. Bat there is no Bensibility in nerves devoted to 
motion. Neither is there any in the brain itselt Portions 
of it can be cut off without producing any pain. The heart, 
too, is insensible to the tonoh. A case proving this fell under 
the observation of Harvey, the discoverer of the circulation 
of the blood. This absence of sensibility in the heart is not 
because it is not well endowed with nerves. It is well 
endowed, but with nerves which are devoted to another 
purpose. They are nerves of sympathy, which establish a 
connection with every part of the body, making this organ 
to be so easily affected by motion, by disease, and by every 
passing emotion of the mind. 

257. Respiratory Nerve of the Face.— In the 
face we have an example of different sets of nerves for 
different classes of motions. All those motions that are 
need in the expressions of the countenance are associated 
by a certain nerve. Sometimes this nerve of expression is 
paralyzed on one side. The result is, that while the indi- 
vidual can masticate equally well on both sides, he can 
laugh, and cry, and frown, only on one side, and he can not 
close the eye on the side affected. 

258. Paralysis of the Respiratory Nerve of 
the Face, — In Fig. 130 is a representetion of this condi- 
tion of things. The left eye cannot be closed by any effort, 
and the left side of the face is wholly devoid of expression. 
This nerve of expression is often paralyzed by itself, the 
other nerves in the neighborhood, both of sensation and 
of motion, being entirely unaffected. This has been 
called the respiratory nerve of the face, becanse it con- 
trols motions which are connected with the movemente 
of respiration. If you observe how the various passions uid 
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emotions are expressed, jon will see that there is a natiual 
asBoeiatiou between the muscles of the face and those of the 



chest in this expression. This is Tery obvious in laughing 
and in weeping. When the nerve of expression, or faciEd 
respiratory nerve, is paralyzed, all the motions of the face 
connected Trith the respiration are absent. 

Though the individual may sob in weeping, or send forth 
the rapid expirations of laughter, yet the face on the 
side where the nerve is paralyzed will be perfectly quies- 
cent^ So, too, those jQOvementB of the nostrils which are 
sometimes used in expression, are rendered impossible. 
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Sneeziug and snifBng np can not be done on the affected 
side. Neither can the mdividnal whistle, because a branch 
of this nerve goes to the muscled at the corner of the 
mouth. 

259. Nerves of the Eye.—Tha eye has six different 
nerves, each having its distinct office and its separate 
origin in the brain for a different service. 1. The optic 
nerve, vhoae sole office is to transmit impressions from 
tiie images formed in the eye to the brain. 2. A nerve of 
common sensatiou, through which any irritation in the eye 
is felt. 3. A nerve which is distributed to the muscles of 
the eye generally, and to do other parts of this organ. 4 A 
nerve which goes only to one of the oblique muscles of the 
eje. This is an involuntary muscle which performs the in- 
sensible rolling motions of the eyeball, and is associated with 
the muscles of expression in the countenance by means of 
nervous connections 5. A nerve which goes to another 
single muscle, which turns the eye outward. 6. A branch 

- of the respiratory nerve, which regulates the motion of the 
eyelids, and has mach to do, therefore, with the expressions 
of the countenance. 

260. Paralysis affecting I>ifferent Nerves, — 
Att«ntion has been incidentally ^led to the fact, that ono 
nerve may be paralyzed, while others distributed to the 
same parts are entirely unaffected. So, too, in the nerves 
which go ont from the spinal marrow, composed of tubuli 
of motion and sensation mingled together, one set of the 
tubuli may be affected while the other is not ; for in par- 
alysis it is often the case that sensibility remains while the 
power of motion is gone, and vice versa. 

Sir Oharles Bell relates an interesting case, in which the 
paralysis was different in the two sides of the body. A 
mother was seised with a paralysis, in consequence of which 
there was a loss of muscular power on one side, and a loss 
of sensibility on the other. She could hold her child with 
the arm of the side which retained its power of motion but 
had lost its sensibility, bat only when she was looking 
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at it Slie conld aot feel her child on the arm, And there- 
fore when her attention was drawn to any thing else, and 
she ceased to have her eyes fixed on the child, the mnscles 
having no overseer, as we may say, to keep them at work, 
were relaxed at once, and the child would tall from her 
arm. 

261. Nerves, though having JMffermit Offices, 
all alike in Structure. — The microscope shows tw 
that the nerves of motion and of common and special sen- 
sation are all alike in their stmctnre,'and chemistry shows 
ns that they are alike also in their composition. The qnes- 
tion arises, then, why the impression producing motion can 
not be transmitted by the same nerve with the impression 
causing sensation. The reason is evidently not to be found 
in the nervous trunk itself, as this is the same in all cases. 

It is in the circumstances of the two ends of the nerve — 
that which is in the nervous center whence it arises, and that 
which is expanded in some part of the body. The nervous 
tnbuli which end in the fibres of a muscle can not transmit 
impression to the brain from the skin over the muscle, 
because they do not go to the skin at all There are other 
tubnli that are distributed there for that purpose, mingled 
indeed in most cases with the tubnli for motion, but yet 
kept entirely distinct from them. 

And besides, there is probably something in the struc- 
ture of the extremities of a norve of sensation, which 
differs from that of a nerve of motion, so as to make it 
impossible for a nerve of motion to receive the impression 
producing sensation, even where the impression is made 
directly upon the muscle itselL There is also probably a 
different ending of the nerves of sensation and motion 
in the nervous center, the brain, or spinal marrow, that 
makes the one kind incapable of performing the duties of 
the other kind. 

262. Products of Nervous Action. — "We have 
thus far contemplated nervous action, for the moat part^ 
only in two forms — as producing either sensation or volun- 
tuy motion. In sensation the action is from the extremity 
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of the neire to the nervous center ; bub in motion it is 
from the center to the extremities of the nerree, as they 
are expanded among the fibres of the mascles. • This volan- 
tary motion, yon see, may arise in consequence of sensation, 
as when you withdraw tiie hand from the fire, if the heat 
be painfnl ; or it may occur without a preceding sensation, 
as when the thinking mind wills to perform certain mo- 
tions for effecting some purpose. 

In either case it is supposed that the gray vesicnlar or 
cellular substance of the brain is in immediate connection 
with the mind, and that the white tubular matter of the 
brain and the nerves serres only for transmiseion. That 
is, both in sensation and in motion the effectiTe physical 
agency is in the yesienlar gray substance. This is the 
working part of the telegraphic apparatus of the mind, 
while the iunnmerable tubuli of the white matter of the 
brain and nerves are the commnnicatiug wires. 

2G3. Involuntary Action. — Much of the muscular 
motion of the body is produced without the agency of the 
will, and sometimes even in opposition to it This is tme 
of the motions caused by emotions in the mind. For ex- 
ample, the muscular motions in sobbing and in langhing 
often occur in opposition to the strong action of the wilL 
In this cage, the emotion produces its effect upon the gray 
vesicnlar substance, and is transmitted through the nerves 
t« the muscles. 

There are some common motions which are performed 
to a greater or less extent without the agency of the will. 
The muscles which perform them are called involuntary 
muscles. The muscles of respiration, for example, ordina- 
rily act without our willing them to do so. If they did not, 
respiration would stop when we sleep, or be stopped by 
disease. But the will can qnicken these muscles in their 
action. They are therefore not wholly involuntary. 

But there are some purely involuntary muscles. The 
muscular coat of the stomach, which was spoken of in the 
Chapter on Digestion, as being constantly in motion when 
the stomach is filled with food, is of this character. No 
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effort of the will can quicken or retard the action of this 
muscle. That exceedingly compoand miigcalar engine, 
the heart, is.a collection of pnrely inToluntary mnscles. 

264. Excitor and Motor Nerves. — We have already 
alluded to the two roots which unite to make np each nerve 
that comes from the spine. One of these roots is composed 
of tubuli thiongh which impressions are transmitted to the 
spinal marrow ; and the other containB tnbnli, through 
which an impression is transmitted from the spinal mar- 
row to the mnscles, causing them to contract. Each nerve, 
then, coming from the spine, is made np of two distinct 
nerves, or two distinct sets of tnbulL One of these is called 
an fflcitor ncrve^ the other a motor nerve. 

In the case of the mnscles of respiration, every time 
that they act, an impression is transmitted from the lungs 
through an excitor nerve to the spinal marrow, the gray 
▼esicnlar substance there responding to this impression, 
and sending in conseqnence an impression by amotor nerve 
to the mnscles. So, also, the presence of food in the 
stomach prodnces an impression which is transmitted 
through the ercitor nerve, and another impression is re- 
£nmed through the motor nerve, exciting the muscular 
coat to action. And in the act of swallowing an impression 
is transmitted from the food thrust back into the throat 
and then impressions are returned to the many mnscles 
engaged in this compound act. The action of the nerves 
illustrated by these examples is termed their refiex action, 
because the impression traiismitted by one nerve to the 
spinal marrow is reflected from it by another. 

265. Sensation does not Accompany Nerv- 
ous Action. — In Bom's cases the impression is accom- 
panied with actual sensation, and sometimes not, the 
action being confined to the spinal marrow. Thus, in 
the action of respiration, the impression carried from 
the lungs by the exciter nerves comes from the pres- 
ence of dark blood in the lunga Ordinarily, a mere im- 
pres^on, and nothing like sensation, is transmitted. The 
respiratory muscles, most of the time, go on to do their 
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work, in obedience to the impresaions communicated from 
the langs, without any recognition of the process by the 
mind. 

But when there is embarrassment in the lungs, the quiet 
process, carried on through the agency of the spinal mar- 
row alone, is not adequate to meet the exigency. In some 
way, the brsia becomes a party in the operation. The act 
of breathing is now accompanied with positiTe sensations, 
and there is a mixture of voluntary and involuntary mus- 
cular action. 

266. The Spinal Marrow Performa Two 
^parate Functions. — The spinal marrow, then, per- 
forms two separate functions— one, by itself, in pro- 
ducing involuntary motion; and another, in connection 
with the brain, in producing voluntary motion and sen- 
sation. 

The arrangement by which it does two things which are 
80 different from each other, will be clear to you, if you 
bear in mind the fact that the spinal marrow, like the 
brain, is composed of the two nervous substances, the white 
tubular, and the gray vesicular sabstance. 

When the spinal marrow acts as a mere medium of com- 
mnnicatioQ for the brain, the transmission is made directly 
through the tubes of the white substance to and from the 
brain — to the brain in sensation, and from it in voluntary 
motion. Thus, when a sensation is felt in the foot, the 
impression made there is transmitted through the nerve to 
the spinal marrow, and up through the white part of this 
organ to the brain. It touches none of the gray substance 
of the spinal marrow, but goes to the gray substance of the 
brain. And when the foot is moved, an impression is re- 
turned from the brain through the white part of the spinal 
marrow, and then through the nerve which goes from it to 
the muscles that move the foot. 

But, on the other hand, when the spinal marrow acts by 
itself, independently of the brain, producing what is called 
reflex action, the impressions that are transmitted, some of 
them begin, and some end, in the gray substance of the 
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Bpiiial marrow. The impreesion on an excitor nerve ends 
there, and the impression on a motor uerye begins ther^ the 
latter resulting from the former, except when motion is 
produced by disease in the spinal marrow itseLC Thus, in 
breathing, an impression goes from the lungs through exci- 
tor nerves to the gray substance, and that is the end of it ; 
but another impressiou begins there as a result of it, and is 
transmitted to the inTolnntary muscles moving the chest 

HGt. The Brain Rests— the Spinal Marrow 
does not. — One nuirked distinction between the brain 
and spinal marrow is, that the brain has its intervals of rest ; 
but the functions of the spinal marrow never cease for a 
moment as long as life continues. In sleep the brain is 
more or less at rest, and it is in a state of entire torpor when 
the sleep is profonnd. Bot during sleep the heart beats, 
the respiratory muscles work the chest, and the muscular 
coat of the stomach chums the food if there be uiy there. 

For these motions, with many others, are dependent upon 
the spinal marrow, and not upon the brain ; and so, while 
the brain sleeps, the spinal marrow keeps up the operations 
of the system that are essential to the continuance of life. 

But beside the motions that have been mentioned, as 
being kept np by the spinal marrow, when the brain is tor- 
pid from any cause, there are other motions which can be 
excited by stimulating nerves that are connected with the 
spine. For example, the act of swallowing can be produced 
by pouring a liquid into the mouth, and motion can be pro- 
duced in the muscles of a limb by irritating the limb at 
different points. So, too, if a man be paralyzed in his lower 
limbs by a blow upon the spinal column, these parts, which 
he cannot more by his will, can be excited to motion 1^ 
irritation with elecbicity or other agents. 

It may be remarked that the voluntary muscles often act 
involuntarily. In animals from which the head has been re- 
moved, the voluntary muscles can be exeited to involuntary 
action, resembling voluntary movements, although of course 
with the removal of the head were destroyed all sensation 
and all exercise of the will. A pigeon, whose cerebrum had 
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been removed, would fly when throWD into the air, wonid 
run when it was poshed, and wonld drink when its beak 
was put into the water. There was no sensibilitj and do 
will in thia caae, for these cannot be without the cerobmm. 
The moTements were involuntary, though performed by 
voluntary muBclea. Now as these facts prove that volun- 
taiy mnscles are, through their connection with the spinal 
marrow, capable of acting as involuntary muscles also, the 
question arises whether they do not much of the time act 
in part as involuntary muscles, and sometimes wholly so. 

2G8t WalJetng. — When we are walking we use volun- 
tary muscles. But manifestly a distinct act of the will is 
not put forth for every motion performed in walking. The 
mind may be at the same time fixed upon something else ; 
and there seems ordinarily to be only an occasional action 
of the will, as when we change our course, or when some 
obstacle is in the way, requiring a variation from the regu- 
lar consecutive series of movements There is a distinct 
action of the will when the movements begin; but after this 
tSie motions seem for the most part almost automatic, and 
are probably produced by the reflex action of the spinal 
marrow, the will interfering only when occasion requires. 

269. Brain not IHrectly Essential to lAfe. 
■ — Many experiments have been tried upon animals with ref- 
erence to the functions of the brain and of the spinal mar- 
row. It was formerly supposed that the brain was the only 
center of nervous power, and that it was immediately essen- 
tial to the preservation of lif& But these experiments have 
shown that this is far from being the truth. The brain, it 
has been found, has nothing to do directly with the main- 
tenance of life. Animals live for some time after the brain 
is destroyed. A pigeon was kept alive for some months 
after its cerebrum waa removed. 

Its condition was very much like that of a man the 
functions of whose cerebmm are suspended by the pressure 
of a fractured portion of the sknU. Although, hke him, 
tjie animal had lost all sensation and voluntary motion, yet, 
like him, it continued to breathe, and itfl heart continued 
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■ to beat. Of conrae so extensiye an injury of so important 
an organ will at length cauBe death ; bat life continues long 
enough in such cases to show that this organ is not imme- 
diately essential to its continuance, 

270. Upper Fart of the Spinal Cord directly 
essential to lAfe. — TheAnctions meet essential to life, 
the respiration and circalation> are, as jou have seen, kept 
up by the spind marrow. The very upper part of this organ 
is especially devoted to this purpose. You may take out 
the brain of an animal, and destroy all its spinal marrow, 
except this upper portion of it, and the animal will still 
breathe, and its heart will beat. But if you destroy just this 
small portion of the spinal marrow, though you leave the 
rest of it and the brain untouched, the animal will die at 
once from the cessation of the respiration and the circulation. 

271. Effects Produced by Cutting the Spinal 
Cord. — K after cutting off the head of a frog, you divide 
the spinal marrow in the back, you can still produce involun- 
tary motions in both the upper and lower extremities. But 
the same irritation will not produce them at the same time 
in both together, for the division of the spinal marrow in the 
back separates it into two independent parts. When, there- 
fore, you irritate the upper extremities, the motion is con- 
fiued to them, and the lower extremities are quiescent And 
if you irritate the lower extremities, the motion produced 
there does not extend to the upper. The division can be 
repeated with similar results. 

If the spinal marrow be divided above and below the 
origin of a pair of nerves so as to separate this point wholly 
from the rest of the nervous system, reflex action can be 
excited in the nerves connected with this point That is, an 
irritation of the parts supplied by the excitor nerve of this 
little segment of the spinal marrow will produce an impres- 
sion in that segment, which will be reflected by the motor 
nerve to the muscles. 

The gray substance of the spinal marrow may, therefore, 
be regarded as a chain of little brains, in some measure sep- 
arate fixtm each other. But while there are thus many centers 
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of refiex action, there Ib only one center of sensation and 
voluntary motion, and that center, the brain, is connected 
■with the mind. 

272. Two Systems of Nerves, Cerebro- Spinal 
and Sympathetic. — The ajBtem of nerves which we 
have been examining ia termed the cerebrospinal, from its 
tro great central organs, the brain and spinal marrow. 
But there is another nervous system, the functions of which 
are involved in much mysteiy. It is called the system of 
the great sympathetic, or the sympathetic system. Some- 
times it is called the nervous system of organic life, because 
it is intimately and extfinsively connected with the nutri- 
tive processes ; while the system that we have been consider- 
ing is called the nervous system of animal life, because it 
regulates the functions peculiar to animals; sensation, and 
spontaneous motion. 

While the sympathetic system ia thus connected with the 
nutritive processea, it is idso supposed to be the means of 
effecting the ajmpathetic connection between different parts 
of the body, and to serve as the medium through which the 
passions and emotions of the mind produce their effects upon 
the functions of the different organs. In this system there 
are many ganglions or little brains, which communicate with 
each other by nerves. 

The structure and functions of the nervous system have 
thus been described to such an extent aa will prepare you 
for the consideration of those subordinate organs, by which 
the purposes of this system are accomplished. 



CHAPTER XIII. 

THE VOICE. 

273. The Vocal Apparatua, — The apparatus of 
the voice is truly a musical inatniment. We can see there- 
fore, in its construction and arrangement, the applica- 
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tion of those principles which usuallj regulate the produo- 
tion of musical soudcU, and which man observes in making 
the various iustniments which his ingenuity has invented to 
delight the ear. 
As the apparatus of the voice is really a wind iostrument, 
we will first develop the principles on which 
Fra. lai. yf[„^ instraments produce the various 
musical notes, and then show you the re- 
sembliuice between these instmments and 
the set of organs which are enga^ in 
producing the notes of the voice. 

Wind instruments are of two kinds — those 
that have an inflexible mouthpiece, and those 
in which the sounds are produced by a vi- 
hrating reed. The horn, trombone, trumpet, 
llut«, fife, flageolet, flute-stop and other 
stops of the organ, &c, are instTun[ienta of 
the first kind. 

274. Cannes affecting the Varia- 
tion of Pitch. — The variation of notes 
produced in these instruments may be thus 
explained. The column of air contained in 
the tube is the vibrating body from which 
proceeds the sound. Any thing, then, that 
affects the size or form of the column of air 
affects the note. The length, the breadth, 
and the mode of producing the vibrations 
are the cause of the variation of the note.- 
The holes in the side of a flute are for 
the purpose of altering the length of the 
confined column of air. In the trombone this 
is done by sliding one part of the instrument 
upon the other. The general rule is, the 
longer is the column of air the more grave 
is the note. Thus in tbe flute, the lowest note that can 
be produced by the instrnment is made by covering ail the 
holes, so that you have a column of confined air the whole 
length of the tube. The highest note, on the other hand, 
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wbich the inBtrament is capable of prodacing, ia made hj 
BO arraagiog the fiDgers aa to allow the air to escape at the 
first hole. 

273. St*e and Width of Vibrating Column of 
Al/r affeetimg the Note. — Fig- 121 ia a representation 
of one of the pipes of the flnte-etop of the organ, which is a 
wooden box, made very much after the manner of a boy'e 
whistle. At a is the passage for the introdnotlou of the air ; 
b ia the inclosed colnmn of air, the Tibration of which pro- 
duces the sound; c ia the place of escape for the air; and d 
is a movable ping, by means of which the vibrating colnmn 
of air can be made longer or shorter, according to the note 
desired. In tuning the organ, if the pipe gives too low a 
note the plug is moved downward, thus shortening the 
colnmn of inclosed air, but if too high a note, the plug is 
raiaed up. 

The same rule appliee to the width of the vibrating colnmn 
of air. The wider the column the graver the note, and vice 
versa. Observe, also, that in s long, slender column of air, as 
in the trombone, by giving the current of air from the month 
agreatvelocityahigh not« maybe produced; but where, as 
in the ophicleide, the colnmn ia both wide and long, it is 
difficult to do this, because it is difficult to produce a quick 
vibration in so large a body of air, with all the suddenness 
and force with which we can move it. 

In those instruments which have no expedient for alter- 
ing the length of the column of air, snch as the common 
horn, the various notes are produced bynarrowing or widen- 
ing the orifice by the agency of the lips, as the case reqnirea, 
at the same time giving, by the varied velocity with which 
the air is forced into the iuBtrument, a quicker or slower 
vibration to the air. Grave sounds are produced by a wide, 
and acute by a narrow opening. 

276. Reed Instruments. — In reed instruments the 
variations in note are produced in a different manner. Tlie 
clarionet, hautboy, bassoon, the reed stops in the orgfui, &a, 
are instruments of this sort. It is the vibration of the thin 
plate called the reed that causes the sound. The longer this 
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plate is, the slower are the vihratioue, and therefore the 
graver is the note. The print^pte can be well illustrated 
in the reed stops of the organ. The reede in the different 
pipes are made of different lengths, accoi-ding to the notes 
which they are to produce. In a reed instrument played by 
the mouth, the clarionet for example, the rapidity of the 
yibrations is regulated by the pressure of the lips. In pro- 
ducing a high note the lips press firmly on the reed and 
leave but a small portion of it to viln^te ; while in produ- 
cing a low Qoto the lips press less firmly on the reed, and 
leave a large portion of it to vibrate. 

277. Stringed Instrutnents. — This same principle 
also applies to stringed instruments. Thus in the piano, 
the grave notes come from long and large strings, while the 
higher notes come from slender and short ones. In the 
violin the strings are all of the same length, the larger strings 
giving the graver notes, and the smaller the higher ones. 
The notes are varied also in the case of each string by vary- 
ing the tension. They are varied too while playing on the 
instrument by varying the length of the vibrating strings 
hy the pressure of the fingers. 

278. Tube connected with the Reed.—Tht reod 
is frequently connected with a tube. This contains a column 
of air through which the sound caused hy the vibration of 
the reed must pass. Unless, then, the vibration of this 
column of air corresponds with the vibration of the reed, it 
will alter the note. It always does alter the note to some 
extent It never raises it, hut always makes it more grave. 
That is, the vibration, in passing from the reed to the 
column of air, becomes less rapid and coarser, as is always 
the case when vibration passes from any snbstonce to 



But the tube is so constmcted that there may be as little 
change in this respect aa possible. Holes are therefore 
properly placed in the side of the tube, so that with the 
fingers thg column of confined air may, in the case of every 
note, be placed in oorrespoadence witii the vibratioD of tlie 
reed. 
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Suppose the tube to be long and without boles ; in this 
case low notes could be easUy produced, but attempt a 
high note and you would fiiil The reason is obTious. The 
low note is caused by a low and coarse vibration of the reed, 
for the transmiBsion of which a long column of air is fitted. 
But if a high note be attempted, the slow vibration of the 
long colnmu of air disagrees with the quick vibration of the 
reed, and very much flattens the sound as it passes through 
the tube after coming fh}m the reed. 

As already suggested, the object of the tube is to secure 
the combined effect of a reed and a wind instrament 
The tube makes the reed speak, as it is expressed; that 
is, it gives intensity and an agreeable character to the 
sound. If you disconnect the reed of the hautboy or bas- 
soon, for example, from its tube, and blow upon it, you 
can produce all the Tariety of notes, but the sound is dis- 
agreeable ; but by connecting the tube with the reed you 
produce a compound sound, as we may call it, which has a 
sweet and rich melody. 

We will now examine the apparatus of the voice, and see 
how fer the principles which have been developed in relation 
to common musical Instruments are applicable to this 
instrument 

279. I>escription of the Organ of the Voice. — 
Just .at the root of the tongue, as described in tbe Chapter 
on the Bones, is a small bone, shaped so much like the Greek 
letter v that it is called the hyoid or U-like bone. The 
curved portion of this bone is towards the root of the tongue, 
and its two ends point backward toward the pharynx. With 
this bone is connected a long cartila^nous tube extending to 
tbe lungs, called the trachea, or windpipe. It is through this 
tube, as you have already learned, that the air goes back and 
forth from the lungs in respiration and speech. It is com- 
posed of a great number of rings of cartilage connected 
together by membranous part& 

280. Larynx. — But it is the upper part of tbe wind- 
pipe, that part which is immediately below the U-Iike bone, 
which claims our attention as the seat of the formation of 
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the voice. This part ia called the larynx. It is formed of 
fire cartilages, the arrangetuent of which will now be shown. 
The largest of these oirtilagea, the oae which forms most 
of the body of this music-box, as we may call it, is the 
thyroid. It is the pomum Adami, or Adain's apple, which 
is 80 easily feit in the top of the neck. ■ This cartilage forms 
the front and sides of the larynx, but it is open behind- 
The cricoid cartilage is shaped very much like a seal ring, 
and this resemblance gives it its name. The narrow part 
of it is sitnated directly under the thyroid cartilage, in its 
&ont and at it^ sides, but the broad, 
Pio. isa. seal-like part of it is behind, project- 

ing upward and filling a part of 
the open space left by the deficiency 
of the thyroid in the rear. A side 
view of these parts is given in Fig. 
133, in which 1 is the TJ-like bone ; 
4 is the thyroid cartilage ; and 6 the 
cricoid. At 8 ia the back part of the 
cricoid, filling np a part of the space 
in the open rear of the thyroid ; 3 
ia a hom-shaped projection of the 
thyroid, and five ia s amaller one 
below, projecting over the out- 
side of the cricoid ; 2 ie a strong 
membrane or ligament connecting 
side Ti or ^'^ hyoid or U-like bone with the 

THE LABiNx. top °^ ^^^ thyroid; 9 is the epiglot- 

tis, drawn up by a hook ; and at 7 
we the nnga of the trachea. The epiglottis is composed in 
part of cartilage. It is the lid of the larynx, shutting down 
■when we swallow, so that the food or drink may pass over 
it, and being raised up when we breathe or speak. 

There are two small cartilages which are not seen in this 
figure, called arytenoid cartilages, fi-om two Greek words, 
meaning ladle and shape, because they bear some resem- 
blance in form to ladles. They sUnd in the open space 
in the rear part of the thyroid, on the top of the cricoid 
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cartilage. They are the piUars to which the Tocal chords 
or ligaments are attached behiad. These two cartihiges are 
moTftble, having a, regular joint with the upper edge of 
the cricoid. There are small muscles which poll them in 
different directions, and thus change the degree of tension 
and the position of the vocal ligaments, and nf course vary the 
pitch of the sound produced by the vibration of the ligaments. 
281. Vocal Ligaments.— Fig. 123, ia a diagram 
showing the arrangement of these hgaments. It represents 
a view of them as you look down 
into the Urynx, in which a is the Fio. 128. 

front of the thyroid cartilage, and '^ 

ib are the two arytenoid cartilages. 
To these yoa see are attached two 
sheets of membrane, which are also 
festened all around to the inside of 
the thyroid. If these movable posts, 
as we may call them, to which the 
ligaments are thus attached, be n.^,, 
drawn backward, it is obvious that vo 
it will make the ligaments more 
tense. If they are separated from each other, the opening 
between the ligaments will be widened. If they are brought 
newer together, this opening will be narrov^ed, and the forward 
' part of the free edge of each liga^ p^ 124 

ment will be prevented from vibra- 
ting, because it will here be brought 
in contact with the other ligament 
Now there are small muscles 
which are attached to the arytenoid 
cartilages for the purpose of mov- i 
ing them as was pointed out. The 
figure here presented is a mere dia- 
gram, to show the arrangement of I 
tlie ligaments for the production of 

j.i_ . J. J. It - T THE VOCAL LTGAUBIfTS. 

the various notes of the voice. In 

Fig. 124 is represented the actual appearance of the liga- 
ments and the arytenoid cartilages, as you look down apon 
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them. The UgamentB, jon observe, are thicker at: their tree 
edges than any where elae. 

The t;rne vocal ligaments have been described. But there 
is another p^ of ligaments directly above them, the space 
between which is the real opening into the larynx, npon 
which the epiglottis shata down when we swallow. In Fig. 
125 is a diagram representing the plan of these two pairs of 
ligaments, as shown by a perpen- 
dicular section from side to side. 
B B represents the vocal ligaments, 
C C the upper ligaments, and V V 
the two recesses between them. 

382. The Lower the True 
Vocal Chords. — We know that 
it is the lower ligaments that are 
the true vocal chords, because the 
parts above these, even the upper 
ligaments, may be all cut away, 
and yet a vocal sound may be pro- 
duct; while if an caning be 
made into the larynx below the 
lower ligaments the voice will be 
destroyed. 

Magendie, a French phyBioIogist, speaks of a man who, 
on account of an opening in the larynx, was never able to 
speak without pressing his cravat tightly against this open- 
ing, in order to prevent the air from CEcaping through it 
Many experiments have been tried with the I^ynx after 
death to verify the results above stated. The lower liga- 
ments, then, are the vocal chorda, by the vibration of which 
all the di^rent notes of the voice are produced. And the 
other parts of the vocal apparatus serve only to modify the 
sound caused by the ligaments. The lungs act merely as 
the " wind-ches^" to hold the air which, being forced out, 
strikes on the ligaments, and makes them vibrate. 

283. Principles of Musical Instruments 
applied to the Vocal Apparatus. — Let ua now 
apply to this apparatns the principles already developed, as 
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regalating the Taritttion of note ia common mnsical instru- 
meute. The size of the aperture, through which the BOiind 
is throTQ ont, influences the note — of this fact we have a 
familiar example in whistling. And as you have seen that the 
size of the opening between the Tocal ligaments is varied 
by the mnsclee moving the arytenoid cartilages, this varia- 
tion most have an influence upon the note of the voice. 

But this is not the only cause of the variation of the 
note. As shown in relation to the reed, and to the strings . 
of stringed iuetroments, bo also here, the larger and less tense 
are the vibrating bodies, the vocal chords, the graver is the 
note. You have seen how these chords or ligaments are 
varied in tension by the action of the mnscles that move 
the arytenoid cartilages. Yon have also seen that, as these 
cartilages are brought near together by the muscles, the 
length of the ii^ vibrating edges of the ligaments is short- 
ened, because the edges are brought together in their an- 
terior part (Fig. 123). 

Magendle verified this by obeerration. He opened the 
throat of a noisy dog in such a way that he could look 
directly npon the vocal ligaments. When the sounds were 
grave, he observed that the ligamente vibrated in their 
whole length, and that the air passed ont through the whole 
length of the chink between them. But when the sounds 
were on a high note, the ligaments did not vibrate in their 
anterior part, but only in the posterior, and the air passed 
ont only at the open pairt 

284, Resemblance between the Instruments 
of the Voice and Common Musical Instru- 
ment. — The sound as it comes from the Urynx passes 
through a tube, just as the sound coming fh)m a reed does 
in a reed instrument In other words, there is a body of 
inclosed air extending from the larynx to the outlets of the 
month and nose, which vibrates in transmitting the sound 
from the larynx. This body of air is not so simple in its 
form as that is which is inclosed in the tube of common 
reed instrumente. It has three outlets, the mouth and the 
two nostrils. The sound of the voice seldom comes oat 
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from the orifices of the nostrils, but almost ^Tsys from the 
mottth. In bamming it oomea altogether from the aostrils. 
In ordinary speaking and singing the cavities of the nose 
act OB reverberating cavities, the soand which reverberates 
there issuing from the month. 

28S. Tube of the Vocal Appartttus like that 
of a Reed Instrument. — Yon have seen that the 
tube connected with the reed in the reed instrument is so 
constmcted, that the length of the confined column of air 
can be changed, in producing the different notes ; the vibra- 
tion of the air thus being brought into correspondence with 
that of the reed. 

If yon place your finger on the front of the larynx, and 
then sound various notes, you -wiW feel the larynx rise when 
you sound a high note, and &11 when you sound a grave 
one. The object of this movement is to alter the distance 
from the larynx to the outlet of the month — in other words, 
to altfir the length of the column of air in the tube — so that 
it may correspond in its vibration with the vibration of the 
vocal chords. But the size of this column of air is altered 
in another way. It is altered in its width, which is quite as 
effectual in changing the vibration as an alteration of 
length. The tube of the vocal instrument you readily 
see can he altered in its width by the muscles of the throat 
and mouth. 

The object of the tube of the reed instrumlnt is to make 
the reed speak, as it is termed ; that is, to give intensity 
and an agreeable character to the sound. If the voice 
should come directly from the larynx without passing 
through the tube attached to it, it would be as disa^eeable 
as the sound of a reed when separated from its tube. 

The voice gets most of its melody after it is made in the 
larynx, as it passes out through the column of air in the 
throat and mouth. And it is the variations of this tube 
produced by the muscles that surround it that give to the 
voice its variety of tone as well as its melody, thus consti- 
tuting one of the great excellencies of the vocal iustrnmeut 
in comparison with all common musical instruments. 
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286. Delicaei/ of the AcHon of the Vocal 
Musdea. — To hare some conception of the varictj of the 
motionB of the tUDScIes concerned in tlie modulation of the 
Yoice, liaten to some singer whose voice can command with 
ease and freedom a great extent of the scale. For every 
note that you bear there is a distinct and particular adjust- 
ment of the vocal ligaments, and of course a particular de- 
gree of contraction of the little moscl^ that move them. 

It is calculated that the ligaments vary in length only 
abont the ^ of an inch in producing all the notes of the 
voice. Now the natural compass of the voice (that is, its 
range from its lowest to its highest note) in most singers is 
about two octaves or 24 semitones. Within each semitone 
a singer of ordinary capabiUty can produce 5 or 6 distinct 
notes ; so that for the whole number of notes that he can 
sound distinctly 120 is a moderate estimate. He therefore 
produces 130 different states of tension in the vocal liga- 
ments. And as the variation in their length for passing 
from the lowest of these 130 notes to the highest is only 
the ^th of an inch, the variation required to pass Stom one 
note to another will he only the T^rth of an inch. A very 
expert singer can produce a much more delicate action than 
this, and distinctly appreciate the result by bis ear. 

287> Importance of Keeping the Chest Full 
of Air. — The skillful singer or speaker exhibits much 
skill in maiBging the muscles of the " wind-chest" He 
keeps it all the time well supplied with air, so that but a 
comparatively slight action of the expiratory muscles will 
BufBce to throw the air against the vocal ligaments with the 
requisite force. But an unskillful singer or speaker much 
of the time has his chest poorly supplied with air, and so 
speaks or sings, as it is expressed, trom the top of the chest. 
It costs him, therefore, so much labor to throw out the air 
with sufficient force, that he is soon tired out. 

The necessity for keeping the chest full of air, in order to 
work the vocal apparatus easily, may be illustrated by refer- 
ence to the bagpipe. If the bag containing the air be well 
filled, a slight pressure of the anu upon it will force the air 
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throngli the pipe with sufficient rapidity to produce the 
gouiid. Bnt if the bag be flaccid from the little quantity 
of air in it, a very strong preasure of the arm will be re- 
quired to produce the same effect 

288. Tiring out the Vocal JtfMscies.— Bntitia 
not the muscles of the chest only that are tired ont in the 
unskillful singer or speaker, bnt also the muscles of the 
Iar3mx and the throat And a frequent tiring of these 
muscles weakens the parts, and often at length produces 
disease. Much of the throat-disease of public speakers 
comes from this cause, and is a nervous disease, the affection 
of the lining membrane of the throat being often a mere 
accom panimen t 

This result is more apt to occur when the nervous force 
of the system generally is impaired. It is also more apt to 
occur in those who speak in a uniform and somewhat 
monotonous manner, than in those who speak with much 
' variety. A continuation of precisely the same muscular 
effort for any length of time is apt to produce painful 
exhaustion, while a much greater amonnt of varied muscu- 
lar effort may be pnt forth without weariness, or even with 
pleasure. 

289. Farts Engaged in the Articulation, 
of the Voice. — We will now observe the- agency of the 
different parts of this compound vocal tube in the articu- 
lation of the voice. Each letter, whether il be a vowel 
or a consonant, requires a particular position of the differ- 
ent parts of the vocal tube. In some letters the tongue 
is the chief agent in articulation, in others the lips, in' 
others the teeth, in others the palate, and there are some in 
the formation of which the cavities of the nose have an 
important agency. 

290. The Tongue less Essential tlian Com- 
tnonly Supposed. — The tongue has been considered so 
essential to speech, that tongue and language are often used 
synonymously. But though it does perform an important 
part in articulation, it is not absolutely essentiaL A boy, 
who lost his tongue by disease at the age of eight years, waa 
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exhibited publicly because be conld talk without a tongae. 
A girl, who lost &om disease the whole of her tongue, to- 
gether with the uvula (the little round body which hangs 
down &om the middle of the arch of the palate), conld talk 
and swallow as well as any one. So perfect was her articu- 
lation, that she could pronounce with exactness those letters 
which commonly require the agency of the tip of the tongue. 
She could sing finely, articulating with the same clearness 
as when she talked. 

291. DetltfUs, — Some of the letters are formed princi- 
pally by the teeth, as c, t, s, e. They are therefore called 
Dentals. It is the too frequent and bungling employment 
of some of these which constitutes lisping. Those who have 
a tongue too large for the month are apt to lisp. In advanced 
age, when the teeth are lost, we find this defect of lisping. 
The reason is obvious. When the teeth are gone, the sockets 
gradually become obliterated, and that part of the jaw-bone 
where the teeth were, of course diminishes in size, making 
the mouth too small for the tongue. 

292. Labials. — The letters, in the articulatioD of 
which the lips takes tiie lead, are b, p, m, f, v, m, 4c., 
and are called laHaU. Children, when they first begin to 
talk, ase labials freely, because they can see in others the mo- 
tions necessary for their pronunciation, and are led to imitate 
them. Hence the endearing terms used by the child to the 
parent are, in all langnages, or nearly all, composed of labials 
and vowels. And, too, it is from the delight which the child 
takes in repeating over and over these terms, that we have 
the word^pa and mama, instead of pa and ma. The same 
thing cah be observed in other langnages as well as the 
English. 

293. Reverberation in gome JjCtters in the 
Ifasal Cavities. — The naaal cavities, it is obvious, must 
have a great influence in articulation. The letters m and n 
are partly nasal. In pronouncing m at the end of a syllable, 
as am, em, or om, we close the lips, and the sound issuing 
from the laiynz reverberates in the cavities of the nose. You 
can perceive this reverberation by pressing gently upon the 
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nostrils with the fingers while prononticing this letter. 
The same can be said of «, except that ia pronouncing it 
we prefls the tip of the tongue against the roof of the month 
jast behind the front teeth, preTenting the passage of the 
air out through the month in this way, instead of doing it 
by closing the lips, as in articulating m. 
r 294. Speaking through the JToac— In what is 
commonly called speaking through the nose the reverbera- 
tion mentioned above is dieagreeably strong. The popular 
idea of it is incorrect, for this fiinlt occurs in those who have 
some obstruction to the free passage of the air through the 
nose. This obstruction acts like the pressing of the nostrils 
with the fingers, confining more or less the body of air con- 
tained in the nasal passages. It is the vibration of this air 
thus partially confined in tortuous passages that produces the 
nasal twang. Anything, therefore, which prevents the free 
outlet of the air from the nose will occasion it. . Pressing the 
fingers on the nostrils while speaking wlU produce it. 

293. Whispering. — When no sound is produced by 
the ligaments of the larynx, as is the case in whispering, the 
noise produced by the passage of the air through the cavities 
of the vocal apparatus can be so articulated, as to be heard 
distinctly at a considerable distance. Persons, therefore, 
who have entirely lost the voice can converse. In whisper- 
ing the vocal ligaments are relaxed as they are when we 
simply breathe. But the sound of whispering has its high 
and low notes like the vocal sound. The variation of note 
is caused by variation of the size of the column of air con- 
tained in the vocal tube. 

296. Contrivances to Imitate Articulation. — 
Various attempts have been made to imitate the articulation 
of sounds by mechanism, but with very limited success. In 
1779 a prize was ofifered by the Academy of Science at 
St Petersburg, for the best dissertation on the theory of 
vowel sonnds, and it was awarded to G. B. Kratzanstein, an 
account of whose experiments was published in the Trans- 
actions of the Academy. He found that the sonnd of the 
four vowels, A, E, and U, might be produced by blowing 
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through a reed into tubes, the forms of which are repre- 
sented in Figures 126, 127, 128, 129 aaid 130, and that the 
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sotind of I, as pronounced by the French and other European 
nations, could be produced by blowing into the tube. Pig. 
130, at a, without using the reed. 



CHAPTER XIV. 
THE EAR. 



In the last chapter the production of sound by the vocal 
apparatus was mentioned. In this chapter it is proposed to 
show how the impression of sound is transmitted to the 
brain, in order to produce the sensation of hearing. 

297. Difference between a Sound fmd a Noise. 
— Sound may be produced by the vibration of any substance ; 
though some bodies are better fitted to produce it than others, 
and are therefore called sonorous. When the vibrations 
which cause sound are equal, a musical sound results ; but 
if they are unequal, we have a discordant sound, or what we 
ordinarily call a noise. Sound is transmitted from the point 
where it originates, in all directions. And its vibrations 
gnuiually lessen, just as the ripples lessen which are pro- 
duced by dropping a stone into the water. 

298. Reflection of Sound. — The Tibrations of 
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sound are reflected by objects against which they strike. 
For this reason the Toioe can be heard at a much greater 
distance if it be transmitted along a wall than when it is 
ottered in an open space. This may be illnstrated on Fig. 
131. Ijet A B represent a wall, and G the position of the 
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ear. If the bell at D De rung, Desiaes tne Tibrationa which 
come to the ear at in the direct line C D, a vibration strik- 
ing the wall at P will come to the ear in the line F C, and 
the same can be eaid of other points along the walL An 
accumnlation of vibrationa, therefore, comes to the ear at C, 
which therefore receives a louder sound from the bell than 
it would if the bell were rung in a perfectly open space. 
For the same reason a speaker can be heard much more 
easily within walls than in the open air. The sound is 
reflected, and, therefore, in some measure concentrated by 
the walla. 

299. Speaking Tube, — In speaking tubes this reflec- 
tion and concentration are carried to a still greater extent. 
Sound can in this way be heard at a great distence from its 
source. M. Biot found that when he apoke in a whisper at 
one end of a tube, over three thousand feet in length, he 
was distinctly heard at the other end ; so entirely do the 
' walls of the tube prevent the diffusion of the vibration in 
t^e air around. Speaking tubes are therefore used to a 
great extent in large manufactories, where directions need 
to be given continually to workmen in difierent parts of the 
establishment. The flexible tube, now so commonly made 
use of by deaf persons, fiimiahes another illustration. The 



vibrations of the voice received by the trampet-ahaped end 
are transmitted through the tube to the ear. 

300. Difference in the Transmission of 
Sound through Solids, lAquids and Oases.— 

Sound may be tmoepiitted through any substance, whether 
it be solid, liquid, 6t gaseous. It cannot be transmitted 
through a vacuum, for there is nothing there to vibrate. 
Sonnd differs in thie respect troia light, irhich passes as 
readily through a vacQum as it does through any transparent 
substance. 

A pistol fired on the sammit of a mountain, gives not 
nearly so loud a report as when it is fired in the valley below. 
The more solid the medium is for the transmission of 
sonnd, the more readily is it transmitted. The scratching 
of a pin at the end of a long log may be heard by the ear 
applied to the other end, although it can notbe heard through 
the air, at even the distance of a few feet A deaf gentleman, 
resting the bowl of his pipe on his daughter's piano-forte as 
he smoked, found that he could hear the mnsic with great 
distinctness ; and many deaf persons can hear conversation, 
by holding a stick between their teeth, while the other end 
rests against the teeth of the person speaking. 

Water is a much better conductor of sonorous vibration 
thati air, though it is not so good an one as a solid substance. 
The force of the vibration is lessened more gradually in 
water than in air, and its rate of progress in water is, accord* 
ing to Ghladni, 4,900 feet in a second, or between four and 
five times as great as in air. 

301. Sonorous Vibration does not pass 
readily from, one Medium to Another. — Thus, 
although the scratch on the log is heard so easily by the ear 
at the other end, if the ear be removed a little from the log, 
it does not hear the sound, because tbe vibratioQ is so much 
lessened in passing from the solid wood to the air. It is 
clear that the more unlike two substances are, when sound 
passes from one to the other, the more will the force of the 
vibration be lessened; for the more unhke they are, the leas 
easily will the one take tbe vibration tram, the other. 
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For this reason, a sonorous vibration, produced in a solid 
body, may be transmitted to water with much less loss of 
intensity or force, than occurs when it is transmitted to air. 
And it may be remarked in this coDnectiou, that when vibra- 
tions are transmitted to a fluid, from air or fh>m a solid, an 
intervening membrane is of eBsential service, for it pre- 
sents a firm sur&ce upon which the vibrations can be received. 

302. Hearing a Compound Pi-oce**.— The 
vibrations of sound, passing into the ear by a tube, strike at 
the bottom of that tube upon a membrane called a drunj. 
The air can go no farther, for this drum is perfectly air-tight. 
It communicates its vibrations, however, to the drum, which 
transmits them to a chain of four little bones, the last of 
which transmit them to another dmm, covering an opening 
into varions winding passages in sohd bone. In these 
passages is contained a hmpid fluid, which is put iu motion 
by the vibrations of the drum last mentioned. 

So much for the mere mechanical part of the process. In 
the winding passages are spread out the minute fibres of the 
nerve of hearing. The vibrations of the liquid in these halls 
of audience make an impression upon these nerves, which 
is communicated to the brain through the trunk of the 
nerve, and this completes the whole process necessary to the 
production of the sensation of hearing. 

303. The Farts of the Apparatua of Hearing 
Described. — The parts of the apparatus of hearing may 
be seen in Fig. 133. The internal portions are made rather 
larger than natural, in order that the construction of the 
ear may be clearer. At d ^ c is the external ear ; at- d is the 
entrance to the tube of the ear, /; g is the drum of the ear at 
the end of this tube, called the membrane of the tympanum; 
A is the cavity of the tympanum, the chain of bones which it 
contains being left ont, bo that the plan of the apparatus may 
be more clear to you ; & is the Eustachian tube, which 
makes a communication between tfie back of the throat 
and the cavity of the tympanum ; n is & part of the 
winding passages, shaped like a snail's shell, and therefore 
called the cocklea; at m are three other winding passages, 



called, from their form, semi-circular canals; and at I is the 
vestibule, or common hall of entrance to all these winding 
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In the wall of the tympannm, on the side opposite to 
the drum of the ear, you see two holes. These open into 
the winding passages, the lai^r one into their vestibule or 
entrance balL Each of these holes is covered by a mem- 
brane, and to the membrane of the lai^r one is attached 
the last of the chain of bones. At o is the trunk of the 
nerve of hearing, and at e e is the bone that encloses these 
parts, which is so hard that it is called the petrous, or rock- 
like bone. 

304l. External Ear.— The ol^'ect of the external ear 

is to collect the waves of sound, and direct them into the 

tnbe of the ear. There have been many speculations in 

regard to the use of the prominences and ridg«s of the 
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external ear, but they are fanciftj and gronudlesB ; and its 
Burfece is tlius diversified, probablj for the sake of conieli- 
neas. If the object were to give it the best shape and 
constraction for collecting the vibrations of sound, it vonld 
have had a different shape altogether, and vonid have been 
provided with muflclea which could turn it in different 
directions, as is the case with many animals. The shape of 
the external ear ia much better in many animalB than it is 
in man, if we consider its object to be merely the collection of 
the waves of sound. The endowment is in this cage, as well 
as in every other, according to the necessitiea of the case. 

305. Ihtbe. — The tnbe of the ear is abont sa inch long 
in the adnlt It is formed of cai-tilage like the external ear, 
and ends at the drum. At its entrance are hairs which 
afford some protection against intruders. But the chief 
protection is the bitter wax, which is secreted by little 
glands, situated in the skin of the tnbe. The odor from 
this secretion so effectually keeps out the insects from this 
open entrance, that it is quite a rare occurrence to have an 
insect get into the ear. And when one does get in, the 
wax envelopes him, and commonly soon destroys him. 

306. lirum and Hones. — The drum of the ear, 
which makes the closed end of the tube above described, as 
seen at g, Fig. 132, is very thin and transparent. On the 
other side of it is the cavity of the tympanum A. In this 

cavity are the four bones. These 
Fifl. 183. are represented in Fig. 133, en- 

larged so that you can see their 
shape distinctly. They are 
named from their shapes. 

They are the malleua or ham- 
mer m; the incus or anvil i; the 
OS orbiculare, or ronnd bone o, 
the smalleBt bone in the body ; 
and the stapes or stirrup-bone. 
The long handle of the hammer h is fastened to the middle 
of the dram of the ear. The little ronnd bone is fixed 
between the slender end of the anvil, and the top of the 
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stirrup-bone. In Fig. 134 yon have a representation of 
these bones, together with the dmm of the ear. While the 
end of the handle of the hammer is fostened to the middle 
of the dmm, the base of the stirrup is 
fostened to another drum, coTering the fig. 134 

bole or window, opening into the vesti- 
bule of the winding passages. 

There are three very delicate mcscles 
which move these bones. One of them 
relaxes the drum of the ear, and another 
makes it more tense ; and thns the drum 
18 put into the right states of tension, to 
accommodate it to the various kinds of 
vibration that come to it. This is a matter of some import- 
ance, for it is plain that while a relaxed drum can vibrate 
properly to grave Bounds that enter the ear, it must be tense, 
in order to respond properly to the vibrations of the air in 
the higher notes. 

307. EuatacMatt IVftc— The cavity of the tympa- 
num (A, Pig. 132) oontainihg the little bones, which is 
beyond the drum, communicates with the month by the 
Eustachian tube i. If you shut yonr month, and close the 
nostrils with the fingers, and then perform the action of 
blowing, you will feel the lur enter the Enstachian tubes, and 
fill the cavity of the tympanum. The chief object of this 
communication is to have air on the inside ae well as the 
outside of the dmm, so that it may vibrate freely. 

308. Winding Ftissagea of the Internal Ear. 
— These are inclosed, as already stated, in the most solid 
bone in the body. Tbey are called together, very appro- 
priately, the labyrinth, sometimes the internal ear. This is 
really the essential part of the apparatus. Here are the trne 
halls of audience, where the nerve receives the messages 
from without, and transmits them to the brain. The dmm 
of the ear and the chain of little bones may be destroyed, 
and yet, if these winding passages remain entire, with the 
membranes over the two windows that open into them, the 
bearing will not be lost ; though it will be less perfect than 
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it is when the whole of the apparatns ia there, and In good 
order. 

309. The Winding Passages.— Ihe labyrinth is 
represented much magnified in Fig, 135. The middle part 

of it, V, ia the vestibule. From 
^<*' '^' thia gb out the semi-circular 

canals, x, y, m, on the upper 
aide, and on the lower the 
winding paesages of the coch- 
lea, i. At you Bee the open- 
ing called the fenestra ovalis, 
or oval window. This is cov- 
ered by a membrane, on which 
presaea the base of the stimip- 
bone. You see another open- 
ing, r, which is called the fen- 
estra rotunda, or round win- 
dow. This ia covered with a 
membrane. Both of these 
openinga you see in Fig. 132 

in the wall of the tympanum, opposite to the drum of the 

ear. 

310. Principles of Transmission of Sound 
observed in the Arrangement, — It will be proper to 
Bay a word here in relation to the choice of a fluid, instead 
of a aolid or an aeriform aubstance, as the medium through 
which the impreasion of the vibration of sound is communi- 
cated to the nerve. It ia better than a solid would be, 
because no arrangement of a vibrating solid with the minute 
fibres of the branches of the nerve could be eflfectnal, and at 
the same time so little liable to derangement, aa the arrange- 
ment of nervous fibrea immeraed in a Kquid, and the whole 
inclosed iu solid walla of bone. 

It is better than air would be, for at least two reasons. 
1st. The vibrations of sound are communicated with much 
more eaae and rapidity through water than throngh air. 
Thia we see to be a consideration of some importance, when 
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we look at the complicated and winding passsgee that con- 
tain the fluid. 

2d. There is not so ranch Ices in the force of the vibratioti 
in the transmisaion from the solid stirmp-bone throngh 
the membnme to the fluid, aB there wonld be if the transmis- 
sion were to air. 

311. Steps of the Process of Hearing given 
in their Order. — Having thns described the parts of the 
organ of hearing, we will trace the steps of the prooeae of 
hearing, ae it mnst occur in the case of every sound that 
we hear. The vibrating air euters the tube of the ear, 
and, reaching the drum, produces a vibration there. This 
vibration is communicated to the chain of bones, which 
pass it on. It is transmitted &om the last of this chain 
of bones, the stirrup-bone, to the membrane covering the 
fenestra ovalis, and &om this to the fluid contained in all 
the passages of the labyrinth. 

The vibration goes through all the semt-circular canals in 
one direction, and in another up one gallery of the cochlea, 
and down the other. In all these cavities, are spread out in 
various ways the filaments of the nerve which receive the 
impression of the vibration. This impression is transmitted 
from the extremities of the nerve, through its trunk, to the 
brain, where the mind receives it. All this together consti- 
tutes hearing ; and all of it occurs in the case of any sound 
which we hear, however closely it may follow any other 
sound. 

Most of our hearing is done precisely in the way described, 
but not all. We Bometimes hear directly through the bone 
surrounding the labyrinth. If you place a watch between 
the teeth, yon hear the ticking; and it gives a very different 
sonnd from what it does when held to the ear, because the 
sonorous vibration is transmitted directly from the teeth 
through the solid bones of the skulL 

312. Complicated Apparatus, producing 
Sim/pie MestUta. — Though the apparatus of the ear is 
complicated, the mechanical result is a simple one — it is a 
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mere trembling of a flnid inclosed in winding carities of 
bone. But simple as the resnlt ia, it is made, throagh the 
beantiful nerrous connections of the ear with the brain, one 
of the chief inlets of knowledge to the mind. 

Thns intimately in the human body are the simplest 
mechanical results connected with the complicated and 
diversified operations of the mind. In the process of bear- 
ing the drnm of the ear is to be considered one end of the 
apparatus, and the gray portion of the brain the other. The 
drum simply vibrates ; and instantaneously the mind receives 
a distinct impression from the vesicles of the gray matter. 
And thna is the communication established between the 
immaterial mind, and the vibrations of the material sab- 
stances with which it is snrrounded. 



CHAPTER XV. 

THE EYE. 

313. Seeing^ a Compound Process.— The sen- 
sation of sight is the result of a compound process, which 
may be divided into two distinct parts. The one part ie 
purely mechanical, and the apparatus for it is conatmcted 
according to the common principles which we find illus- 
trat«d in optical instruments. The object of it£ arrange- 
ments is to form distinct images of objects in the back part 
of the eye. The other part of the process is executed by the 
nerve of vision, called the optic nerve." 

314. Refraction of IdghL—The rays of light com- 
ing from any luminous point go in straight lines in all direc- 
tiona, just as the vibrations of sound do, and, like them, 
become less intense the &rther they are diffused. When 
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they pass from one mediam into another they are bent oat 
of their straight course, or refracted, unless they pass &oni 
one to the other in lines perpeudicnlar to the surface of the 
medium which they enter. 

3W. Refraction ctit lAght paaaea from a 
Rarer into a Denser Medium, or Vice Versa, 
— This may be illustrated by the following experiment^ 
Place a coin, a, in the bottom of a basin, as represented in 
Fig. 136, and then withdraw from 
it 80 far that the coin may be hid- 
den from your eye by the edge of 
the basin, as represented in the 
figure. Keeping your eye fixed in 
that^poeition, pour some water into 
the basin np to the level, c. The coi u 
will again become visible to yonr eye. 
The reason is, that the rays of light, 
as they come from the water into ** 

the rarer medium, the air, are re- 
fracted or bent downwards, that is, from the perpendicular. 
The effect of this may he seen in the figure. A ray of light, 
coming from the coin in the direction a, d, does not pass to 
d, bnt is bent downward, and so passes to the eye at e. The 
coin, therefore, is seen by the eye at e, but it is not seen in 
its tme direction from the eye, which is in the line e, c, a, 
for we always judge of the place of an object by the direcdon 
in which the rays from it strike the eye. The only point 
from which the eye can see the coin in its true position ia 
at d, in a perpendicular line directly over it. A ray that 
passes from one medium to another in a line perpendicular 
to the snr&oe of the medium into which it passes is not bent 
out of its course. 

While rays that pass from a dense medium into a rarer, as 
from water into air, are bent/rom the perpendicular, those, 
on the other hand, which pass from a rarer medium into a 
denser, as from air into water, are bent towards the perpen- 
dicular. Thus if in Fig. 136 a be the position of the eye of 
a fish, and where the eye is, at e, there be an insect, the fish 
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can see it, because the ray that strikes the gnrface of the 
water, c, ia refracted or bent towards the perpendicular hne, 
b, a. He does not see the insect, howeyer, in its true direc- 
tion, a, c, e, but it appears to him to be at d. 

316. Refraction by Convex ienses.— When 
light passes from one medium into another of different 
density which presents a convex or concave eurfoce, instead 
of a flat one, a very great change is produced in the direction 
of itfl raye. Thus suppose, as represented in Fig. 137, three 

Fio. 137. 




diTcrging rays coming from a point, a, through the ur, 
enter a convex surface of glass, b, b'. The central ray a, c, 
enters the glass in adirection perpendicular to ite surface, and 
therefore does not bend from its course. But the ray a, d, 
enters very obliquely, and is bent towards the perpendicular 
at that point, e, and passes on in the direction /. So like- 
wise the ray a, fr, is bent towards the perpendicular A, and 
passes on in the line i. These rays diverging in the air have 
become converging in the' glass, and the point at which they 
meet is called the focus. To this point all the other rays 
entering the convex glass converge also. 

317. Refriiction by Concave Lenses.— 'Rai if 
the surface of the glass bo concave, as represented in IHg. 
138, the diverging rays which enter it will be made to 
diverge still more. The ray, a, c, being perpendicnlar to the 
Burfoce is nnchanged in its course ; but the ray, a,d,i» bent 



towardB the perpendicular, e, into the line /, and the ray, 
a, j, is bent towards the perpeodicnlsr k into the line i. 




In the case of both the concave and the convex lens, the 
greater the curvature, the greater is the change of direction 
in the rays. The greater the curvature, therefore, the 
sooner are the raye brought to a focus in the case of the 
convex lens. 




DIFFKRENT PABTS 



318. Description, of the Coats of the Eye. — The 

arrangement of the different parts of the eye is shown by 
Fig. 139, which is a mere map of a section of the eye, through 
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its middle part from front to rear. It is intended to repre- 
sent the arrangement of the parte distinctly, without strict 
regard to proportion. The eye baa three &)ats, as they are 
called. At a is the thick strong white coat, called the scle- 
rotic coat, from a Greek word meaning hard. This, which 
is commonly called the white of the eye, gives to the eyeball 
its firmness. Into it the cornea, e, fits like a watch-glass 
into its case. The sclerotic and cornea then make the outer 
coat of the eye. 

Next comes the choroid coat, b. This is a very Tascular 
coat, containing the minute branches of blood-vessels which 
nourish other parts of the eye. It is of a dark color, for 
reasons which will be stated in another place. Its color is 
owing to coloring matter contained in pigment cells, which 
lie along on the inner surfoce of this coat, next to the inner 
coat of the eye, the retina, c. The retina is a thin mem- 
brane, being principally composed of the expansion of the 
optic nerve, d. 

319. Humors of the Eye. — The eye has three 
humors, as they are termed. The 6rst is the aqueotis or 
watery hnmor,/, which is in a chamber between the trans- 
parent cornea, e, and the crystalline humor, or lens, A. 
This chamber is divided into two parts by the iris, g, g, the 
pupil being the circular communicatiiig door between them. 
The part of the chamber which is in front of the iris is much 
larger than that which is behind it The crystalline hnmor, 
or Ims, as it is more often called, has the consistency of half 
dissolved glue. At i is the vitreous humor, filling up a large 
part of the cavity of the eye. It is called vitreous from its 
glassy appearance. It is a clear jelly-like substance, having 
about the tenacity of white of egg. It is contained in an ex- 
ceedin^y thin aod delicate sae, and this is divided into cells 
which contain the liquid. 

320, Arrangement of the Front Part of the 
Eyeball, — Fig. 140 is a map of the front part of the eye, 
in wliich the parts are more minutely delineated than in Fig. 
139. At 2 is the sclerotic coat ; 3, the cornea ; b, the crys- 
talline lens •,a,a,a, the aqueous humor ; 7, 7, the iris ; ^ 



the choroid coat; 8, the retiDa; c, c, tlie vitreotis htimor; 

uid 9, the sac containing it. Around the inside of the 

chamber containing the aqueous hnmor is a very thin mem* 

brane (represented as you see by 

a line), which secretes the humor. *^^- ^**- 

In this membrane, as in the case 

of every other closed sac in the 

body, there are both exhalants 

and absorbents, so that the fluid 

may be changed as necessity re- 



brane of the eye which has not 
yet been described. It is repre- 
sented by a lin^ 1, in the figure. 
It is the conjunctiva, so called 
because it unites or conjmns the 
ball of the eye with the eyelids. 
It covers the cornea, passes back 
a little way on the white of the 
eye, and then turns forward to 
line the eyelid. It is the seat of 
the most common fonaof inflam. 

raation in the eye. It is very vascnlar, as is shown by its 
distended vessels when it is inflamed. It is exceedingly sen- 
sitive, and hence the great pain which is occasioned by any 
thing, even the smallest mote, that gets into the eye. 

S21. Ciliary ProceBses.—A.i 6 in Fig. 140, ia one 
of the ciliary processes, as they are called, from their resem- 
blance to the eyelashes. There is a circular row of them, 
numbering from sixty to eighty, so arranged as to resemble 
the disk of a radiated dower. In Fig. 141 they are repre- 
sented as they appear in looking at them fW>m behind, the 
back part of the eye being removed. Atl is the divided 
edge of the three coats; ^, the pupil; 3, the iris; 4, the 
ciliary processes. At 5 is the anterior edge of the retina, 
at the beginning of these processes, presenting, as you 
see, a scalloped appearance. The processes come from the 
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choroid coat, nnd are nnited at their origin by a ring of 
ligamentous Bnbstance to the sclerotic coat The exact 
operation of this bcautiftil mdchaukm ia not known, bat 



it is pretty well ascertained, that muscnlar fibres are so con- 
nected with these processes, that when they contract they 
draw the crystalline lens forward. 

333. Object of the Apparatus to Form Images 
of Objects on the Retina, — The object of all this appa- 
ratus, here described, is the formation of images of objects in 
the back part of the eye upon the retina, so that the optic 
nerve expanded there may carry impressions from them to 
the brain. The rays of light coming from an object pass 
through first the cornea, then the aqueous humor, then the 
crystalline lens, and lastly the vitreous humor to the retina, 
where they, so to speak, dagnert-eotype the object The fact 
that such an image is formed has often been proved by 
observation on the eyes of animals. 

If the eye of a rabbit be cleansed from the fat and 
muscles at its back part, and a candle be held in front of it, 
yon can see the image of the candle through the sclerotic 
coat, formed upon the retina. So if you take the eye of an 
ox, and carefully pare off the back part, so as to leave it very 
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thin, a distinct image of anj tbiog placed in hout of the eye 
may be seen at the back part 

323. Images on the Retina Inverted.— The 
image, howerer, will be inverted, as lepreseuted in Fig. 143. 

Fro. 148. 



For the sake of clearness two rays only are represented as 
coming from each of the two ends of the object^ a, c These 
rays cross each other in the middle of the eye, those from a 
being brought to a focus at b, and those &om at d. As 
all the other rays, coming fipom other points in the object, are 
le&acted in the same manner, a complete inverted picture 
of it is thus formed. The cornea is, as yon see by Fig. 139, 
more convex than the sclerotic coat, bo that it may act with 
some power as a lens in making the rays converge. 

324. Iris. — The iris is a circular curtain with a round 
opening in its center, called the pupil. The latter can be 
varied in size to a considerable degree. On the iris depends 
what is called the color of the eye, which is various, as bine, 
nearly black, gray, hazel, && The chief ofiBce of the iris 
is to regulate the quantity of light that enters the eye. 
When the light is obscure, the opening in the 

iris is widely dilated ; but when there is much 
light it is contracted ; and if the light be 
excessive, it is contracted almost to a point. pjQ. 143 
These motions are effected by peculiarly ar- 
ranged muscular fibres, of which the iris is in 
part; composed. There are two sets of fibres, 
the circnlar and radiated, as represented in 
Pig. 143. When the circnlar fibres contract, 
the pupil is contracted ; and when, on the other hand, the 
radiated fibres contract, the pupil is dilated. 

325, Crystalline Lens. — The crystalline lens la the 
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chief agent id the eye in concentratiag the rays of light hy 

refraction. In Fig. 144 yoa have a side view of it. ItB 

anterior part, 1, is leas convex than its posterior, 

Fio. 144. % In Fig. 145 is a magnified view of the lens 

^ hardened in spirit and cut open, bo as to show 

^R the different layers of which it is formed. The 

1 Ul * layers are more and more hard as yon go towards 

^W the center. The object of this arrangement and 

ctpuitm lh ■*' '^^ pecnliar shape of the lens, ia not as yet 

understood. 

326. Choroid Coat.— The choroid coat (5, Fig. 139) 

contains quite a large share of the 
Fro. 145. minute blood-vessels and nerves of 

the eye, and serves for a medium 
by which they pass to other parts 
of this organ. But it serves an- 
other important purpose by means 
of its dark pigment. It makes a 
dark chamber of the back part of 
the eye where the optic nerve is 
expanded. The object of this is to 
secure distinctness in the images 
formed upon the retina. 

327. Want of Pigment in the Choroid of the 
Albino, — The pigment is deficient in the iris of the 
albino; and the bright red or pinky hue of the iris in his 
ease is, owing to the blood in the minute blood-vessels, with 
which this part is so well supplied. Those animals that use 
their eyes mostly in daylight have the pigment of the 
choroid of the darkest color ; while, on the other hand, 
those that need to see most clearly at night, as the owl, 
either have none of this pigment, or have it of a very light 
color. 

328. The jRetina.—ThQ retina is a soft grayish deli- 
cate membrane, formed chiefly of the expansion of the 
optic nerve. Here the images are formed, and the minute 
fibres of nerve in this membrane receive impreseions from 
these images, which are transmitted to the brain by the 
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trnnk of the nerre. ThiB nerve baa the same relation to 
light that the nerve of hearing has to soand, the nerve of 
Bmell to odors, or the nerve of touch to the qnalities of 
bodies that ve feel. And it Ib canons to observe that the 
termination of the nerve of sight on the snrface of the retina 
is arranged in papilla, just as the terminations of the nerves 
of touch are. In Fig. 146 is represented a portion of the 
retina of a frog magnified three hun- 
dred times. The upper rows of papilhe, Fiq. 146. 
which are without dots, are seen side- 
ways. 

329. SpJierical Aberration.— 
Tbere is a defect in the operation of 
lenses in optical instruments, which is 
termei spherical aberration. This can be 
explained on Fig. 147, which represents a lens, L, L', with 
some of the rays as they pass through it Now the rays 
R'B" R'" are brought to a focus at F ; while the rays £ L 
and B"" L' come to a focns much nearer, at (. It is found by 

Fro. 147. 



experiment, that if the central portion of the lens be covered, 
so that the rays K K" B'" cannot pass, a distinct image 
will be formed on a screen put at I. And, on the other 
hand,. if the outer portion of the lens be covered, so that 
the outer rays are intercepted, then the middle rays, B' B" B'" 
will form an image on a screen at F. Bnt if the whole lens 
he used, no distinct image is formed, anywhere. If yon 
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place the Bcreen at /, it will receive, with the rays that come 
to a fooua there, rays that have their focus at F. 

In the eye the iris acta as the diaphragm or stop to 
the crystalline lens which is behind it, as was indicated in 
Fig. 139. Ordinarily, by means of this stop, the rays pass 
throQgb only the centn^ part of the lens. 

330. Chromatic Aberration. — Another difficttlty 
attending the operation of a common lens is what is termed 
(Aromatic (Uierration. Every ray of white light consists of 
a mixture of ray^-of seven different colors. Some of these 
colors are more easily refracted than others, and therefore 
on passing through a lens will come to a focus sooner. This 
of conrse is apt to make some conf nsion in the color and 
the distinctness of objects, when seen through a single lens, 
or through several if they are alike. 

The dMculty has been remedied, and it is said that the 
hint of the remedy was taken from the arrangement of the 
eye. At any rate, the defect is avoided by having lenses 
made ot different materials, just as is the case in the eye. 
Thus if two lenses be used, one of which is made of flint 
and the other of common glass, the difficulty disappears. 
In the eye it is perfectly avoided by the passage of the rays 
through 80 many different materials, before they reach the 
retina. 

There is also an arrangement in the eye by which it 
adapts itself to different distances in looking at objects. If 
we look through a telescope at a near object, and then tarn 
it towards one at a distance, we can not see the latter dis- 
tinctly until we adjust the lenses to suit the distance. But 
in the eye how quickly the adjustment is made 1 It is done, 
ordinarily, without any conscious effort on our pari We 
look at an object at a few inches distance, and in an instant 
tarn the eye and see an object afar off with almost equal 
distinctness. There has been mnch discussion in regard to 
the means by which this adjustment is effected, hut the 
probability is that, as the lens is very elastic, it is kept in a 
state of tension by the elasticity of the suspensory ligament, 
and consequently is somewhat flattened. Now, if the ciliary 
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nmscle contracts, it will drav the ligaments awaj from the 
lena, or diminish the elastic tension on the lens. The 
lens, consequently, will become more convex, bnt will return 
to itfl former shape, when the ciliary muscle ceases to 
contract. 

331, Difficulty in the year-sighted. — In some 
cases this power of adjustment is counteracted by defect 
in the structure of the eye. Thus, in the near-sighted, 
either the cornea or the crystalline lena, or both, are too 
convex ; or, the crystalline lens is too far from the retina. 
The result is, that the rays of light coming from a distant 
object come to a focus before they reach the retina, as rep- 
resented in Fig. 148. All objects, therefore, are seen indis- 

Fio. 148. 




tinctly except those which are brought near to the eye. 
This defect is remedied by the use of a concave lens, which 
counteracts the effect of the too highly refractiye power of 
the eye by making the rays divergent, instead of parallel, 
before entering the eye. 

332. The Mir-aighted.— In the far-sighted the 
difficulty is of an opposite character. The refractive power 




of the eye is too f 
convexity of the t 



This is owing either to too little 
, or of the crystalline lens, or of 
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both ; or, to too great nearness of the crystalline lens to the 
retina. In this case the rays coming from a near object do 
not come to a focns soon enough. The focas of the rays 
coming from any point of the object is behind the retina, 
as seen in Fig. 149, in which the rays from two points are 
represented as prolonged till they meet. This defect is 
ptJHated by the use of conyex glasses. 

333. Correspondence of Action between the 
two Eyes. — It is an interesting and wonderful fact, that 
as we look at an object with both eyes, although there are 
two images formed, and therefore two impressions carried 
to the brain by the two nerree, yet but a single impressioa 
is produced in the mind. To produce this it is manifest 
that there must be a very exact correspondence in the two 
eyes as optical instruments. The two images must be simi- 
lar, and must be formed on corresponding parts of the 
retina in both eyes. 

Thus, if there be a range of objects, as at A, B, C, in Fig. 
150, the impression of each will be a single one in the miud^ 
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because the picture of each of these objects is on the sune 
part of the retina in both eyes, a, b, c, and w. If, €. But if 
you press with your finger one of the eyes a little ont of its 
place, all these objects will appear double, because their 
images will occupy different parts of the retina in the two 
eyes. 
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334. The Two Imnges of an Object in the 

Two Myeit not Exactly Alike. — While it is necessary 
to single vision when both eyes are used, that the image of 
the object should occupy corresponding portions of the 
retina in the two eyes, it is not true that these two images 
are exactly alike. You can verify this by a simple experi- 
ment. If yon hold a book before your eyes, with its hack 
towards yon and in a vertical direction, you see the back of 
the book and its sides at once, as a single object. If now, 
still holding the book in the same position, yon shut one 
eye, you see but one side of the cover of the book — that one 
whi<^ is on the same side with the open eye. And so with 
the other eye. The plain inference is, that when you look 
at the book with both eyes, the image formed in the right 
eye is composed of the back of the book and the cover of 
the right side, while the image in the left eye is composed 
of the back of the book and the cover of the left side. 
From these two distinct images, two distinct impressions 
' are sent to the brain ; and yet but a single impression is 
recognized there by the mind, for the book is seen as a single 
object This single impressioa must, therefore, result in 
some way fi'om a mingling of the two impressions trans- 
mitted along the two optic nerves. 

The statements in the last paragraph are beautifully 
illustrated by the instrument contrived by Professor Wheat- 
stone, which he calls the stereoscope- In using this instra- 
ment, you look at two pictures of the same object with the 
two eyes, and yet you see but one thing — that is, but one 
impression la produced in the mind, although two different 
pictures are made in the two eyes, and of course two differ- 
ent impressions are conveyed to the brain. 

Thus, the two representations of a dog, seen in Fig. 151, 
are seen in the instrument as a single dog. You observe 
that they are shaded differeni^. They are representations 
of the two pictures, which a dog in this position would 
make on the retina in both of the eyes of a person looking 
at him. When you look at them in the instrument, the 
Edngle dog that you see stands ont more than either of tibe 
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two repreaeiitatious, as seen when they are uot in the instra- 
ment The reason is obviooB. In the two inu^s formed 
in the eyes, as you look ihto the instrument, are all the 
lines of light and shade which you would see in looking 



at a real dog with both eyes ; while either one of these 
representations contains only a part of these lines. 

33.%. Rude Imitation of the Stereoscope,— Yo^ 
can imitate in some good degree the effect of the storeoscope, 
by placing the end of a small book between these figures, 
and letting the other end rest against the nose and forehead, 
thus separating the eyes from each other. If now yon look 
intently at the two figures, you will in a few moments find 
them approximate each other, till at length they mingle 
together, and you will see but a single dog, standing out 
like a statue. 

336. Vidunl Angle. — Let us look now at the means 
by which we gain the experience that is necessary to correct 
vision. One means is the appreciation of the space occupied 
by objects in the field of >ision. This is measured by what 
is termed the visual angle — that is, the angle which is 
formed by two lines coming from the extremities of an ob- 



ject, and meeting In the eye, as represented in Fig. 158. In 
this way we get the idea of magnitude. 



Bat it IB manifest that it alone can not give ns this idea 
correctly. It woald do so, if all objects were at equal 
diatanoes from the eye. Bnt if they are at different distances, 
something evidently must be known of those distances, to 
estimate the magnitude of the objects by the yisnal angle, 
which they subtend. The arrow at A B will appear just as 
large as the larger one at A' B', because it will occupy the 
same space a b an the retina, and subtend the same angle. 
But if it is known that the one is nearer to you than the 
other, allowance is made for this in the estimation of the 
size. 

The hand, held up to keep the rays of the sun from the 
eyes, would look as large as the sun itself, if one did not 
know how near it is ; and the sun and moon appear to us 
to have about the same m^;nitude, because we do not fully 
realize the fact that the snn is ninety-two millions of miles 
from us, while the moon is only two hundred and forty 
thousand. 

337. J>tstance of Objects MstimateA by their 
IHstinctness. — Another means which we use in getting 
a correct idea of objects by vision, is the degree of distinct- 
ness in their lines, and shadows, and colors. The fact is 
learned very early by the child, that the nearer objects are, 
the greater is tiieir distinctness; and he makes use of this 
fact continually in estimating both their distance and their 
magnitude. By this means, however, he estimates the latter 
less directly than he does the former. 
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He makes nse of hia notion of its distance g^ned, by its 
degree of distinctnesB. Many mistakes are made in the use of 
this means of judging the distanoe of objects. Thns, a very 
bright light will often appear to be nearer than one that is 
less bright. When the atmosphere ia very clear, mountains 
and other objects appear nearer to us than they do when the 
atmosphere is thick and hazy. 

338, Size of Objects Estimated by Covn- 
pat^sofl. — Another means of making a correct estimate 
of the distance and magnitude of objects is, comparison 
with other objects which are familiar to us. Thus, we get 
our ideas of the size of animals from objects in their neigh- 
borhood. The artist makes use of this means of commani- 
cating ideas of size. Figures of men are placed near Urge 
buildings for this purpose. A notion of the great size of 
the elephant is given by placing his keeper at his side. We 
are not ordinarily aware how dependent we are upon such 
comparisons, in estimating the magnitude of objects. For 
example, a person upon a giddy height suddenly turned his 
eye apon some huts below at a river's side ; they appeared 
to be dog- kennels, till a man issued from the door of one of 
them, and thus, by affording a means of comparison, dis- 
pelled the illusion. 

339. All Images on the Retina do not Pro- 
duce Tmpressions in the Mind. — When it is said 
that images of objects are formed upon the retina, and that 
impressions are transmitted from them to the brain, this ia 
far from stating all that is true on this point. Many of the 
images pictured upon the retina do not transmit impreBsions 
to the mind. The sensation of seeing is, therefore, in rela- 
tion to them incomplete — only the beginning of the process 
is effected. 

This can be verified by a simple experiment. If you hold 
a finger near the eyes (at some ten or twelve inches from 
them), and a finger of the other hand at a g:eater distanoe, 
but in the same direction, and then look at the near finger, 
you will perceive that the other finger appears double. So, 
on the other hand, if you look at the distant finger, the 

.,i ,Goo^^lc 



THE EYE. 245 

near one appears donble. The reason of this can be made 

clear to you by Pig. 153. The two eyea, L and R, being 

directed bo that their axes 

converge on the object A, the ^*^- ^'^^ 

middle points of the two 

im^es correspond with the 

middle points of the retina in. 

the two eyes, a and a . 

The images thns correspond- 
ing in their place od the 
retina, the impressions carried 
from them by the two optic 
nerves to the brain correspond 
also, and ao the visioD is single. 
But the image of the object B 
is formed in the two eyes, in 
parts of the retina that do not 
correspond, b and b. They 
are both on the inside of the 
middle points, a a , that is, to- 
wards the nose; whereas the outward part of the retina in 
one eye corresponds with the inward part in the other eye, 
and vice versa. 

340, The " Blind fi^o(."— The sensibility of the 
different parts of the retina to light varies greatly. The 
point of entrance of the optic nerve is not sensitive to light, 
as may be proved by a very simple experiment. Close the 
left eye, and look steadily with the right at the letter A on 
the page, held at a distance ten or twelve inches. 

A B 

The letter B will be seen quite plainly, as well as the 
letter A, Nov, move the book slowly toward the eye, which 
must be kept steadily fixed upon the letter A. At a 
certain point the letter B will disappear, but as the book 
is brought still closer it will again come into view. This 
resnlts from the fact that, in the first position of the book, 
the image of the letter B falls between that of the letter A 
and the entrance of the optic nerve; while, in the second 
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position, it &11b on the entraDce of the optic nerve itself ; and 
in the third, inside that point So long as the image of the 
letter rests npon the entrance of the optic nerve it ie not 
perceived, and hence this region of the retina is called the 
blind spot. 

341. I>efenati^ of'the Eye. — The means by which 
so delicate an organ as the eye is protected from injmy, are 
worthy of notice. Observe first its sitnation. Parapets 
of hone surround it, and receive most of the blows that 
come npon that part of the face. Above is the strong 
arch of bone, forming the lower part of the forehead. 
Then there are the cheek bones, and the bones of the 
nose. Thas, walled in, in all directions, by these prom- 
inences, the eye is seldom hnrt, except by a direct thrast 

And besides being thns protected by surronnding bones, 
it reposes npon a soft cushion of fat, which yields, if the 
eye be pushed backward by violence. Indeed it is pushed 
backward effectually by the muscle that closes the eyelids 
whenever an impending blow is anticipated, and it is thus 
sunk farther back in its cushioned recess, amid the pro- 
jecting parapets, and of course receives less of the force of 
the blow than it otherwise would. This muscle, also, by 
its instantaneous action, prevents many light particles £rom 
flying into the eye. Such particles are also often prevented 
&om entering Uie eye, by being intercepted by the eye- 
lashes. 

The eyebrow, besides being an ornament, protects the eye 
from harm, by preventing the salt perspiration from run- 
ning down into the eye, and irritating it. It acts as a 
thatched roof, projecting from the arch over the eye, and 
letting the perspiration from the forehead evaporate from 
it The eyelashes also serve to keep the perspiration of the 
eyelids from entering the eye. 

The structure of the eyelids is such, that the freest mo- 
tion is allowed, while they afford by their firmness consid- 
erable protection to the organ. They derive their firmness 
from a fibrous cartilage, which makes the body of each lid. 
You can readily see that this cartilage, making an even 

.1 .Coo'^Ic 



THE EYE. 847 

pressure on the surface of the eye, must often prove an 
effectual defense against direct thrusts. If the weapon hit 
this cartilage, it acta as a firm shield, to ward off the blow 
from the eye behind it. 

And even that part o£ the lid which is intended by its 
laxness to allow free motion to the lid, the skin, is often 
an effectnal defense. If an impending blow be seen, and 
the eye be instantaneously and forcibly shut, the wrinkled 
akin forms a soft cushion over the eye, and thus not only 
covers it up, but eerves materially to deaden the force of 
the blow. 

3d3. Tear Apparatus,— The tear apparatus affords 
the eye material protection. The bland tears keep the 
organ properly lubricated, 
80 that its constant motions *^- *"*■ 

occasion no irritation. And 
if any thing gets into the 
eye, the tears are mann&c- 
tured abundantly, for the 
purpose of washing out the 
intruding Bubstonee. Fishes 
have no need of a tear ap- 
paratus, as their eyes are 
washed constantly by the 
water in which they live. 

In Fig. 154 is represented 
the te^ apparatus. The 
tears ar^ secreted by a small 
gland, caUed the lachrymal ,^1x11 APPAaAxus. 

gloTid, situated at a, in the 

orbit under the arch of the forehead, and near the outer 
angle of the eye. At 5 are the ducts which empty the tears 
in upon the surface of the eye on the inside of the upper 
lid. 

By the constant motions of the organs the tears are dif- 
fused over its whole surface, and thus continually wash the 
eye. The arrangement for carrying off the fluid is this. 
It flows through a tube, d, e, into the nose. This tube has 
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at ite beginning in the eye two bntncheB, c, c, which open 
on the edges of the tifb lids at the inner comer of the eye. 
These open mouths, that drink up the tears as they flow 
to them, you can very readily see. The drain of the eye, 
which thus coDveyB the lachrymal fluid to the nose, is ordi- 
narily capable of taking care of aU the tears made by the 
gland. 

But when an nncommon amount is made, aa in weeping, 
it cannot receive all the tears, and they therefore overflow 
their banks, the edges of the eyelids. And sometimes there 
18 a constant overflow from obstruction of the drain by 
disease. The continual weeping of the eye, when this ob- 
struction exists, will give you some idea of the amount of 
fluid which the lachrymal glands make. 

34a. Oiling the Myelaahea. — Along on the edge 
of each eyelid are some very small glands which secrete an 
oily substance. This serves two purposes. It oils the eye- 
lashes, and also prevents the tears, when they are only in 
ordinary quantity, from being diffused over the edges of the 
eyelids in the constant motions of the eye. 

This exceedingly small quantity of oily substance suflices 

to keep the tears in the eye whore they are needed. There 

is also a curious provision for directing the tears to the 

mouths of the ducts when the lids are 

Fio. 155, closed. When brought together their edges 

(5 unite in such a manner as to form with 
the surface of the eye a triangular chan- 
nel for the tears to run in. This is made 
clear by the diagram in Fig. 155, in. which 
the hue h represents the surface of the ey^ 
and a the edges of the lids, showing a sec- 
tion of the canal between them. 
344. NictitaMng Metnbrane in 
the Eyes of Birds, — We had intended 
to notice some of the peculiarities of the eyes of different 
claases of animals. We will, however, notice but one — the 
nictitating memhrane in the eyes of birds. When not in 
use it is gathered up in the inner comer of the eye. When 



it is Btretcbed over the organ we see that it is a thin trans- 

Incent membrane. It is very elastic, eo that as soon as 

the muscles sweep it quickly over the 

eye, it flies back at once to the corner Pro. IM. 

where it is so snugly folded. In Fig. 156 

it is represented aa half way over the — 

front of the eye. In Fig. 157 are seen 

the curiously arranged muscles that move 

it. One of the muscles, g, arises from the 

ball of the eye at its upper part, and 

running back, fonns the trunk of the 

optic nerve, a tendon with a loop, through Fio. 157, 

which the tendon of the other moscle, p, 

works. _ — 

This muscle arises from the lower part 
of the ball of the eye, opposite te the 
origin of the first muscle. Its tendon, t, 
is fastened into the edge of the nictita- 
ting membrane. It acte through the loop 
as a pulley, and you can see that the 
muscle, g, assists it materially in effecting the very quick 
motions of the membrane. 



CHAPTER XVI. . 

HYGIENE. 

After having considered the construction of the maehia- 
ery of the human system and the uses which the mind 
makes of it, one naturally inquires what the conditions 
are on which depend the full development of this com- 
plicated machinery and ite d^ly repair ? 

345. Sources of our Knowledge of Hygiene. 
^The principles and roles of Hygiene are te be learned 
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from two sources. 1. Thej are to be learned from Physi- 
ology. Aa we observe tbe functions of the different organs, 
we can learn what those circumstances are which faror their 
due performance, and what those are which interfere with 
it a. They are to be learned, also, by observing the effects 
of those agencies which are known to interfere with tbe 
functions and to produce disease. 

An exemplification of these two modes of learning the 
principles of Hygiene in relation to a single point will 
suffice. The study of the physiology of the cheet shows ns 
that nature has, in the construction of ita framework, 
especially provided for giving ample room to the Inngs ; 
and so we deduce a law of Hy^ene, that the chest should 
not in any way Buffer compression. This ia the first mode. 
But the same law can be dedaced by the second mode, that 
is, by observing the results of compression of the chest. 

Bules of hygiene generally have but little practical inSu- 
ence, unless tbe physiological facts upon which tbey are 
baaed are anderstood. Although the evil effects of their 
violation may be vividly portrayed, and even illustrated, aa 
in the case of the chest, by engravings, the impression upon 
the mind is by no means so thorough and practical, as 
when the same lesson is enforced by a clear knowledge 
of the functions and arrangements of the organs and tbe 
conditions necessary to their healthy action. Physiology, 
therefore, should be studied as preparatory to a proper 
appreciation of Hygiene. 

Not only is a knowledge of Physiology easential to a 
proper appreciation of the rules of Hygiene, but in many 
cases they cannot be fully understood in their varied appli- 
cation without such a knowledge. With the very parti^ 
and superficial knowledge of Physiology that is usually 
communicated with Hygiene, these rules are for the moat 
part merely arbitrary. And juat ao far as the principles 
on which they are based are not nnderstood, is there a 
liability to mistake their application. 

In considering the subject of hypene, the natural divi- 
fdon of Physiology should be kept in mind. There is a 
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hygiene relating to the construction of the machinery of the 
body, and there is also a hygiene relating to the uses of this 
nutchinery. Besides, each organ haa, to a certain extent, its 
otm hygiene. And yet, as all the organs are more or less 
connected in sympathetic action, there is a general hygiene 
of the,system. 

34S, Hygiene of I>igestion.—}A&ay of the points 
in the hygiene of the digestive organs have been already 
noticed in the physiology of digestion. Nothing more is 
heeded in addition to That is said there of the importance 
of the thorongh mastication of food, and of its having a 
dne amount of aativa mingled with it ; of the erils result- 
ing from eating too fast, from eating between meals, and 
from eating a great variety of food ; and of the influence 
of exercise npon the process of digestion. There are some 
other points, however, that remain to be noticed. 

347. Quantity of Fowl to be .Eteien.— So very 
precise rules can be given as to the quantity of food that is 
proper to he eaten. But a consideration of the physiologi- 
cal principles of digestion suggests rules that are sufficiently 
definite for practical purposes. There must be such an 
amount of food as will furnish snfficient chyle to keep the 
blood, the building material of the body, in proper quantity, 
Tho question arises, how shall we know what amount of 
food is requisite for this purpose. 

Fortunately, the want of the system and its supply are 
commonly quite accurately indicated by tho sensations. 
The proper hygienic rule then on this point is, that we 
should cease to eat when the sensations created by the want 
of the system are removed — that is, when the hunger is 
appeased, and the accompanying feeling of discomfort is 
succeeded by a feeling of agreeable ease. 

348. Mistakes as to Quantity of Fooa.—B\xi 
tliere are mistakes often made in regard to these sensations. 
They may be prevented from making a true report Thus, 
when eating is done too rapidly, more food than is needed 
may be introduced into the stomach before the sensation 
of ease and satisfaction is experienced. It is only when 
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suitable time is given to masticatiou, snd the food is rather 
g^radually introduced, that this sensatioii indicates the proper 
limit of eating. 

Again, there ia a very common miateke in regarding the 
feeling of fulness inetead of the sensation alluded to, as indi- 
cating the time for ceasing to eat. Those who ad^pt this 
false rule generally make the stomach bear as much as it 
can without absolute discomfort, and many daily overreach 
this point. The result is, that this organ goon gives out 
under this d^ly overworking; or, if the stomach be a strong 
one, an injurious repletion is produced in the system. 

Too little food is sometimes taken. Poverty is commonly 
the cause. But sometimes it arises from false notions; as, 
for example, the notion that the quantity of food should be 
regulated by weight, or the more common notion, that we 
should rise from a meal with some appetite remaining. 
The result is, that there is not a sufficient supply of chyle 
to meet the wants of the system. The wear and tear create 
a demand which is greater than the supply, and the body 
therefore loses its fulness and its vigor. 

34:9. Length of Intervals between Meals. — In 
determining the length of the intervals between the meals, 
we should have regard to the time required for the comple- 
tion of the process of digestion, and to the wants of the 
system. Some articles are digested more rapidly than others, 
but it commonly requires from three to four hours to com- 
plete the digestion of a meal. When the system is in a state 
of action, its want of food, as indicated by its sensations, 
shows itself a little time after the completion of the process 
of digestion. The interval, then, between the meals should 
not vary much from five to six hours. If it be made 
longer, some degree of exhaustion results ; and if it be less, 
disturbance of the digestive process may occur, from having 
the digestion of one meal begin before that of the previous 
one is fairly finished. 

350. Megularttjf of Meals. — It is important that 
the meals should be eaten at regular periods from day 
to day. For the stomach, with ite times of work and of 
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rest, nstumlly contracU regular habiU, a diBturbance of 
which is injurious. Thia obedience to habit in this organ 
is manifest whenever any change is made in the time of 
eating. 

351. Quality of Food. — The quegtion is often asked, 
whether such and snch an article "ia healthy," as if there 
were essentially different degrees of suitableness in different 
articles of diet So Ear as digestion is concerned, any articis 
is healthy for any individual whose stomacli can digest it 
without difficulty. Au article may be perfectly healthy for 
one, and unhealthy for another. There are sometimes wide 
differences in this respect, owing to naaccountable peculiari- 
ties. But even in re^rd to ordinary differences, the question 
as to the propriety of any article of food is wholly an indi- 
vidual question. 

Our food should be varied in the different seasons of the 
year to a greater extent than is common. In the wanner 
seasons it needs to be less stimulating, less heat-producing 
i\\dai in the colder seasons. The fruitSf each in its season, 
should, in the w^mer monthS) regularly form quite a large 
proportion of our food. If used thus, they will t«nd to 
prevent, rather than induce, the complaints peculiar to that 
portion of the year. 

352. Influence of tJte Mind on ingestion. — 
The state of the mind has much influence on the digestive 
organs. This is sometimes strikingly exhibited in the loss 
of appetite on the sudden reception of bad news. It is also 
8e«u in the influence of continued sorrow upon the appetite 
and the digestion. It is not strange, then, that one of the 
prominent causes of dyspepsia ia mental disturbwice or de- 
pression. And a cheerful mind is very properly deemed to 
be essential to easy and thorough digestion. 

353. Hygiene of Respiration.— la order to un- 
derstand fully the hygiene of respiration, it must be borne 
in mind, that the great object of this function is to bring 
the air into all the minnt« air-cells of the lungs, that it may 
change the blood which is s^nt there for this purpose. 
Anything, then, which interferes with the free introduction 
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of the tar into these cells ia a palpable violation of the laws 
ol health. Aad yet this interference is so commonly prac- 
tised, that it is one of the prominent causes of disease. 

3S4. Compression of the Cheat.~Tbia interfer- 
ence is effected in two ways. It is done, _^rs^ by mechanical 
compression of the cheat Althongh, as shown in the 
Chapter on the Beepiration, there are special pains taken 
by the Framer of our bodies to prOTide, in the constmction 
of the chest, for the free Introduction of air into the Innga 
under all ctrcumstauces, this is often prevented by certain 
prevalent modes of dress. 

It must be observed that in the arrangement of the chest, 
a free motion of its walls in the expansion' of the lungs is 
contemplated. The dress, therefore, should always be so 
loose as to admit of this free motion. If it is not, the air 
is not freely admitted to all the air-ceUs, and therefore the 
blood is not so fully changed, as nature requires ; and the 
health is impaired just in proportion to the degree in which 
the dne expansion of the chest is prevented. 

Compression not only produces disease in the lungs, but, 
by preventing these organs from effecting fully the requisite 
chiuige in the blood, it impairs the quality and lessens the 
quantity of this building material, and thus diminishes the 
nutrition and the vigor of the system, and therefore renders 
it liable to a great variety of diseases, especially those of 
which debility is a prominent characteristic. 

SSS. Importance of a Good Supply of Pure 
Air. — The free introduction of pare air into the lungs is 
interfered with, secondly, by cutting off its supply. As you 
learned in the Chapter on Respiration, the oxygen of the 
air is used up in large quantities by the lungs, and the car- 
bonic acid gas thrown off takes it place. If, therefore, 
there be not sufficient provision for the supply of fresh 
relays of pure air, a mixture of air and carbonic acid gas 
will be introduced into the lungs at every breath, so that 
there will not be suflBcient oxygen to effect thoroughly the 
change in the blood. 

In this respect, therefore, the result is the same as when 
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too little air is admitted by reason of compression of the 
chest A portion of the requisite quantity of pure air ia 
shut out, in one case by diminishing the capacity of the 
chest, and in the other by having the lungs in part occupied 
by carbonic acid gas. 

3S6. Sad Results of Defective Aeration 
Seldom Appreciated. — The influence which this defec- 
tive aeration of the blood, occasioned by these two causes, 
exerts upon the health, is seldom appreciated. For unless 
the deficiency be very great, no immediate obviooe result is 
produced. But though the deficiency may be comparatively 
small, if it be continued from day to day for a long time, 
the aggregate result of this steady depressing influence is a 
serious one. 

The destruction of health and of life that comes from 
this imperceptible agency in every commonity is vast in 
amount. But most persons seem to be insensible to this 
tact. They need a narrative of such a destmction of life as 
occurred in the Black Hole at Calcutta, to convince them 
that a considerable quantity of fresh air is required by every 
pair of lungs. And it is only by a description of an exam- 
ination after death of some one who has been killed out- 
right by extreme compression of the chest, that they can be 
made sensible of the need that the lungs have of the room 
that nature haa given them. And even then the impres- 
don seems to be a momentary one. 

If all the injury that is done by defectivo aeration of the 
blood could be visibly traced out, we should then realize the 
neceasity of having just as many of the air-cells, those little 
chemical laboratories, as nature designed, and of keeping 
them well supplied with the fresh air which they require 
for the life-giving work that they perform. 

337. Myffiene of the Circulation. — The hygiene 
of the circultUiim need not detain us long. The ofBce of 
the organs of the circulation is to circulate the blood, the 
building material, everywhere. They never rest from their 
work. But they work mora actively when the muscular 
system is in action than when it is at rest. As one lies in 
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bed, the circnlation goea on steadily, but qnietlj. But on 
riaing and moving about, the circulation becomes more 
active. Not only does the heart beat more quickly, but the 
capillarieB in every part of the body increase their action. 
And, as more blood ie carried to every part, there is more 
done everywhere. Wo see this in the skin, in the increase 
of the perspiration on exercise. When the muscular effort 
is very great, the excitement of the circulation ie violent and 
tumultuous. The heart beats strongly and rapidly, and the 
fluBhed face shovB how active is the circulation in its ex- 
treme vessele, the capillaries. 

358i Exercise Necessary to Health. — The occa- 
sional excitement of active exercise is absolutely essential to 
the proper physical development. The body may sometimes, 
indeed, maintain its proper bulk in a continued state of 
mnscnlar inaction ; but its textures will not have the requi- 
site strength and tone. That they may have these qualities, 
it is necessary that the blood be often pumped into their 
capillaries with the force that ia given to the heart by active 
exercise. 

It is not the muscles alone that are rendered stronger and 
firmer by exercise, but the same effect is produced in all the 
textures, the bones, the ligaments, the veins, the skin, &c. 
The great internal organs of the body are firmer, more fit to 
perform their duty, and less liable to disease, if the circula- 
tion in them is excited daily by this means. Active exercise 
makes the stomach digest better, the lungs perform the work- 
of aerating the blood more thoroughly, and the brain serve 
the mind more easily and effectually ; it therefore renders 
one less liable to dyspepsia, to consumption and other dis- 
eases of the lungs, and to apoplexy and other diseases of 
the brain and the nervous system. 

But the activity of the circulation maybe made so violent 
by exercise as to do some damage. Though its organs are 
capable of bearing much in this respect, there is some need 
of caution. Harm is undoubtedly often done in trials of 
strength when the effort is both violent and prolonged. 
Vigorous action answers fully the purpose of developing 
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power and Srmness; but rioleut action is attended with 
eome hazard. 
359. Hygiene of Formation and Repair.— 

In considering the hygiene oi formation and repair, it must 
be borne in mind that there is constant change everywhere 
iu the system. Particles that iiave become useless in the 
textures are continually taken up and carried away in the 
veins or the lymphatics, and other particles are put in their 
places, being taken for this purpose firom the blood in the 
capillaries. This change is going on during all the period 
of growth, as well as afterwu^s. The health and vigor of 
the textures, and therefore of the system as a whole, are de- 
pendent upon the proper performance of this oonstant pro- 
cess of removal and fresh supply. 

There are two conditions necessary to the due perform- 
ance of this process. 'She first is, that the blood, the nni- 
veraal material for building alid repairing, shall be of good 
quality. This is secured when the digestive procega, which 
fnmisbes the blood, is well performed, and the lungs and 
other organs, that purify the blood by discharging its refuse 
matter, are in good condition. The second condition is, 
that the blood shall be often quickened in its course through 
the organs by the escitement of exercise. This has been 
mentioned iu speaking of the hygiene of the circulation. 

3G0. Necessity of a Free Discharge of the 
Waste. — The necessity of having the waste matter that is 
brought back from all parts of the body in the venous blood, 
effectually discharged by the various organs designed for this 
purpose, requires a particular notice. The Inngs, the skin, 
the liver, the kidneys, &o., must thoroughly evacuate this 
waste, or its retention will impair the quality of the blood, 
and thus interfere with the proper nutrition of the body, or, 
in other words, with the process of formation and repair. 
And the retention of this refuse in any considerable amount 
is immediately productive of disease, 

The lungs, while they take in oxygen from the air, dis- 
charge carbonic acid gas, that part of the waste of which it 
is their duty to rid the system. If this carbon be retained, 
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the blood is impure in proportion to the degree of reten- 
tion. 

361. Functions of the Skin.— It is the duty of 
the Bkin to diBcbarge some portion of the refuse of the eye- 
tem in the sensible and insensible perspiration. The skin is 
not a mere corering of the body, but it is also an active 
organ, performing very important fnnctious. It continually 
discharges through its numberless pores a large quantity of 
matter. 

Although this matter ia mostly in an insensible form, if 
from iuactivity of this oi^an it fail to be discharged, its reten- 
tion renders the blood impure, imd so does injury to the sys- 
tem. At least two pounds of matter are discharged irom the 
skin in twenty- four hours. This being the ease, it is not at all 
wonderfnl that actiTity of this oi^an should be so necessary 
to health, and that the suspension of its secretions should 
have so much influence in the production of disease. 

363. Animal Seat.— In the Chapter on Respiration 
you learned that the heat of the body is produced by the 
change that takes place in the blood in the capitlarles, as 
it receives the waste particles, and as the new are deposited 
in their places. This change makes a real combustion in 
every capillary. The more rapid therefore is the change 
the greater is the combastion, and of course, the greater is 
the heat. Hence comes the increased heat of exercise. 

Exercise makes more wear and tear, and so disengages in 
the waste more carbon and hydrogen to unite with the in- 
creased amount of oxygen that comes in the quickly flowing 
blood to the capillaries ; and just as in combustion that is 
attended with flame, the greater the amount of fuel the 
greater is the heat. We have a familiar example of the pro- 
duction of heat by exciting the circulation, in the ex- 
pedient often resorted to by laborers for warming the 
hands, of strildng them with a swinging motion upon the 
shoulders. 

The amount of heat produced in the body depends also 
on the quality of the blood. The richer it is, the more oxy- 
gen it cont^ns, and therefore, the brisker is the fire in the 
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capillaries, and the greater is the heat. Yon see then why 
it is that those who have a good state of the hlood, and ex- 
ercise much, maintain the heat of the sj^tem better, and so 
need less clothing than those whose blood is veak,Mid who 
exercise but little. 

The heat of the body is maintained in all temperatures 
of the atmosphere rery nearly at 98" Fahrenheit. This is, 
yon observe, much ^ve even the highest temperature 
that is agreeable to us. You see then that it is essential 
to the comfort of the body that it be giving oft heat con- 
tinnally to the surronnding atmosphere. If the atmosphere 
be at 98°, the same temperature with the body, there is 
great discomfort, from the fact that the heat is given off 
too slowly. 

It would not be parted with at all if the skin were not an 
active organ. It is by the evaporation of the perspiration 
thrown off by the skin that the extra heat is got rid of when 
the ur is so hot. The temperature in which the body is 
generally most comfortable is about 70°. When the atmos- 
phere goes below this, wo need the ordinM? expedients to 
prevent a too rapid escape of the heat from the body. 
The clothing and the heated air, with which we surrouud 
ourselves to guard against the cold, do not act by com- 
municating heat to the body, but simply by retarding its 
escape. 

Cold is a depressing agent, and exerts as such much in- 
fluence in the production of disease. Statistics show this 
in a striking manner. The statistics of London, for ex- 
ample, prove that the mortality of a severe winter is much 
great«r than that of a mild one. And this difference is 
found to be chiefly among the very young and very old, 
because in them the power of generating heat is feebler 
than in other classes. 

The greater is this heat-producing power of the system, 
the better does the system resist the depressing inflnence of 
cold. All those means, therefore, which promote the vigor 
of the body, are the best of the safeguards to be used against 
ttiis productive cause of disease and death. But, besides 
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thns fortifying the body internally against this depressing 
agent^ we have the means of outer defence alluded to, 
in clothing and heated air. As there are many errors 
committed in using these) they require a more particular 
notice. 

Clothing aerres, as has been said, to shut in partially the 
heat which is generated in the body. Its amount and char- 
acter should be regulated by two circomstances — the degree 
of the cold, and the amount of heat-generating power in the 
system. The vigorous reqnire less clothing than the weak, 
because they have more of this power ; so, also, the body 
needs less clothing when it is iu exercise than vhen it is in 
a state of rest, because in exercise it generates more heat 
And the same principles apply to heated air, for this is an 
outer covering for the body, interposed between it and the 
cold, like clothing, for the purpose of preventing the too 
rapid escape of the heat generated within. 

These plain principles are violated in various ways. Many, 
from carelessness or from mistaken notions, are often un- 
necessarily exposed to the depressing influence of cold. 
They are not sufficiently aware of the necessity of guarding 
so muck more thorougkly against the cold when at Test than 
when exercising. And then, on the other hand, they add to 
the effect by having too much clothing when in action, or 
when in a warm place. When they thus suffer first from 
too much heat, an after exposure to cold is exceedingly in- 
jurious. 

The weak especially suffer from exposure to cold when 
the body is at rest, and therefore, they should take special 
pmns to guard themselves against this depressing agent. 
Any attempt on their part to harden themselves, as it is 
expressed, by making use of as little clothing as the vigor- 
ous wear, particularly when the body is in a state of inac- 
tion, always does harm. 

The very thin coverings so commonly seen on the feet 
of delicate females are palpably inconsistent with this rule 
of hygiene, and are in ridiculous contrast with the stout 
coverings considered necessary for the feet of vigorous men. 
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363. Cold Sometimes a Stim/ulant.—The de- 

presaiDg influence of cold eometimee produces a marked 
immediate effect. But this is not generally the case. Com- 
monly no harm is apparently done at the time, and so little 
is thought of it. But if this influence be continued day 
after day, its effects accumulate and become established. 
The vigor of the system is more or less destroyed, and some 
local disease may make its appearance. The debilitating 
influence of cold is in this vay a fruitful canae of disease, 
not only in the abodes of poverty, but even among those 
who have ample means of guarding against it. 

Although cold is generally a depressing agent, it is often 
indirectly a stimulating ona It is so when, in consequence . 
of its impression upon the skin, it excites what is t«rmed a 
reaction. Several circumstances areneceesary to this result. 

1. There most be the power of reaction in the system. There 
may be so much debility that reaction can not be awakened. 

2. If the system be in a state of rest, the application of cold 
mnat be temporary. A continuous application of it would 
be depressing, and would forbid reaction. 3. In an active 
state of the body, reaction may be produced even when the 
application is contiuaons. Thus the mere exercise of dress- 
ing may sulflce to awaken reaction in a degree of tempera- 
ture wMch would chill one through if he were sitting still. 

364. Conditions on which Reaction De- 
pends. — The system may be accustomed to react under 
the impression of cold in two ways. 1. By exercise in the 
open air in cold weather. Those who have but little out- 
door exercise in cold weather, have but little power of re- 
action, and therefore feel the depressing influence of the 
cold whenever they are exposed to it. 2. By a judicious use 
of cold bathing. The object of cold bathing, aside from 
purposes of cleanliness, is to accustom the system to react 
under the influence of cold. It is only when reaction occurs 
under its use that it does good. It does positive harm when 
reaction does not occur ; and the harm done in this way 
day after day, by depressing the vital powers, is sometimes 
at length ruinous to the health. 
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36S. Cold Bathing. — Thereisavant of proper dis- 
crimiuatioii in many writers on hygiene In regard to cold 
bathing. It is a mistaken ultraism to eay, aa is often 
eaid, that the preservation of health requires that the whole 
body should be bathed every day in cold water. Neither 
cleanlinesa nor the other purpose mentioued ordinarily re- 
quires 80 frequent and thorough bathing as this. The 
water may be applied to only a part of the body at a time, 
and yet accomplish all that we wish. Indeed, some persons 
of delicate constitution can not bathe the whole surface at 
once with cold water. They may at first be able to apply it 
to only a small part of the body. 

But they may, with the aid of friction, after a while come 
to apply it over a considerable portion of tlie surface, or 
perhaps over the whole. In some persons this extension of 
the limits of the bathing from day to day must be done very 
cautiously ; and there is occasionally one that can not bear 
it at all over any considerable extent of surface. It is 
necessary for some, in accustoming themselves to cold 
bathing, to begin with using tepid water, making it fb)m 
day to day a little colder. 

The best time for cold bathing is commonly in the latter 
part of the forenoon, for the system is then in its most 
vigorous state, and is therefore best prepared to react. But 
in moat persons reaction can be secured at the hour of rising, 
and this is the most convenient time for bathing. Few can 
use the cold hath with profit in the latter part of the day, 
for the powers of the system are then more or less exhausted, 
and full reaction is not easy. The soothing influence of the 
warm bath is appropriate at that time. There are many 
other points in regard te bathing that might be noticed, but 
space will not permit it. 

Thus far we have spoken mostly of the hygiene of the 
body as a structure. But digestion, the circnlation, Ac, are 
engaged in constructing and repairing organs for the use of 
the mind. In this use, there is wear and tear, and hence 
is the necessity of seasons of rest, that the needed daily re- 
pair of the organs may be eflbctnally done. The mind uses 
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the muscles and bones tor motion, the varioas organs of the 
senses in gaining a knowledge of the world around, and the 
br^n in thinking, willing and designing. Any of these 
organs may be overworked, and after a certain amount of 
work has been done, there needs to be an intenral of rest 
for repair. The repair is going on continually, while the 
organs are at work; but it can not be done thoroughly 
withotit these iatervals of rest. Most of the repairing is 
done in these periods. This simple statement Buggeets the 
principles of hygiene in regard to the uses which the mind 
makes of the organs of the body. These will now be de- 
veloped briefly in regard to the muscles, the senses, and 
lastly the brain. 

366. Exercise JVecegsary to the Development 
of both t?te Muscles and tJie otJier Organs. — 
There is a certain amount of muscular exercise which is 
essential to Arm health. While no one can fall below this 
amount without impairing the healthy vigor, the laborer 
goes much beyond it without injury. There is a wide range, 
therefore, in the amounts of muscular exertion that are con- 
Bistent with health. 

The exercise of the muscles is necessary to tlteir full de- 
velopment When a limb fails to bo used, as, for example, 
iu palsy, the muscles become small aud lose their flrmness. 
When, on the other hand, the muscles of any part of the 
body are much used, they become more developed than 
others less used. For example, the labor of the blacksmith 
develops the muscles of his arms largely. The same thing 
is true of the muscles of tho leg in the rope-dancer. It is 
only a general exercise of all the muscles of the body that 
develops them in all parte of the frame in their due pro- 
portion. 

But muscular exercise is also necessary to the proper 
development of the other textures as well as the muaclea. 
There is one illustration of this influence of exercise which 
deserves a particular notice, as it serves to prevent 
deformity. In the universal vigor and firmness of the 
textures which free exercise tends to produce, there is 
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ordioarilj a precise equality between the two halves of the 
body: the muscles on the two sides act with equal power; 
the spinal eolumu, the grand pillar of the trunk, is held 
between the muscles that bind its twenty-four bones to- 
gether with great exactness, and there la a beautiful sym- 
metry in the whole frame. 

But when, from lack of exercise, there is want of firm- 
ness in the textures, this symmetry is apt to be lost during 
the development of the frame, and the spinal column is 
especially apt to become deformed. 

367. I>eform.Uy of the Spine.— Th%rei are two 
immediate causes of this deformity, viz., irregular muscular 
action, and irregular pressure. Weakened muscles are prone 
to act irregularly ; and structures that have lost their firm- 
ness, readily yield to any pressure that is laid upon them. 
When there is firmness of texture, irregularities of pressure 
are not apt to produce deformity, because the elasticity 
prevents the permanent influence of such pressure. The 
moment the pressure ceases, the elasticity of the part re- 
stores it to its usual shape. The firm regular action of the 
muscles also tends to the same result. 

Thus, in the case of the spinal column, if the posture of 
the body be such that it is bent over to one aide for some 
time, the moment that the posture is altered, the elastic 
cartilages resume their usual shape which has been tempo- 
rarily changed by the unusual pressure, and the muscles 
also that lie along this pillar of bones bring them at once 
to their right position. 

But if the cartilages have lost in some measure their 
elasticity and the muscles are weak, the righting np of the 
spinal column is not fully accomplished ; and a succession 
of slight failures in this respect will, after a while, produce 
a permanent deformity in the direction of the most com- 
monly assumed posture. 

You can see all this exemplified if you observe the differ- 
ence between males and females in regard to deformity of 
the spine. This deformity is exceedingly common among 
girls, while it is rare among lads. The simple reason is, 
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that lads have the invigorating influence of free, out-door 
ezerciee. Too much influence is attributed to posture in 
producing this deformity. Posture is often spoken of as 
heing the chief canse of it, and this view of the subject is 
illustrated extensively with cute, showing hovr the deform- 
ity is occasioned. 

If this were the correct view, there should be much less 
deformity among girls than among boys in our schools, for 
the former sit in a crooked posture much less than the lat- 
ter do. So far as posture does have an influence, it is quite 
clear that the prim, fixed posture enjoined upon the girl 
has a tendency to produce deformity, by adding to one of 
the causes from which it proceeds, viz., the weakness of the 
muscles. A fixed uniform posture wearies the muscles, but 
variations of posture relieve them, and so prevent an ex- 
haustion of their power.' 

The muscles of the back in the female are weakened, in 
common with the other muscles, not only by a want of stir- 
ring out-door exercise, but also by a special cause of weak- 
ness in their case. The tight dress of the girl prevents 
these muscles from having that free action which the loose 
dress of the boy permits. You can see this in the differ- 
ence of movement in the two cases. In the boy, the spine 
is bent and twisted in all directions freely ; but in the girl, 
both custom and the stiff tightness of the dress require a 
movement almost as if the spine were a single bone, instead 
of being made up of twenty-four bones. The muscles in 
her back, therefor^ lose their power and fulness just as the 
unused muscles of a palsied limb do. 

368. Exercise should be Varied and Gen- 
eral. — Variety should be aimed at in the action of the 
muscles. A continuous action of any set of muscles is 
wearisome and painful. This is well exemplified in the 
punishment once much in vogue in schools, of making the 
offender hold a book out at arm's length for some time. 
In the man^ement of the muscles of the voice, the weari- 
ness caused by continued sameness of action is often experi- 
enced. The monotonous speaker or reader tires out these 
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masclea mnch sooner than one who has great variety in his 
tones. 

369. GymMoMica and Calisthenics.— A. gen- 
eral exercise of all the muacles ia essential both to Bym- 
metrical nmscular development, and to the fnll attainment 
of the invigorating effects of exercise. Gymnastics and 
calisthenics are, in this respect, particularly beneficiaL 
These are, however, no better than any other exercises that 
are so varied as to bring the mnscles generally into action. 

The varied exercises of walking, ranning, leaping, riding 
on horseback, dancing, and active sports, are quite as good; 
so also are the varied labors of the garden, if they be 
pursued with interest and pleasure. There is no especial 
benefit in the extreme variety of exercise sometimes aimed 
at in gymnastics. Variety that is snfiScient to bring into 
general action the muscles of kbe body is all that is 
requisite- 
Gymnastics and calisthenics should always be considered 
as subsidiary to the common exercises that have been men- 
tioned, and shoald never be permitted to exclude them. 
"When they are made to do this, a temporary benefit is 
reaped at the expense of a permanent injury. For after 
the novelty of the round of exercises has passed away, they 
are given up, and the common and now despised exercises 
are not apt to be resumed. Habits of inaction, therefore, 
are often confirmed, instead of being removed, by a sys- 
tematic course of exercises under the high-sounding names 
of gymnastics and calisthenics. 

370. Mffent of too severe JOxercise.— But there 
may be too much exercise. The toil of the laborer may be 
so severe and long-continued, that the reparative process 
in the interv^ of rest ie not competent to effect a full 
repair of the muscles. A gradual exhaustion of their 
power, therefore, results. Much harm is thus often done 
by severe unremitting toil. Especially is this the case 
when the excess of toil is exacted during the period of 
growth. 

It is necessary that exercise should be agreeable in order 
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to produce its beat effect on the system, on acconnt of the 
genial excitement which then accompanies it. For this 
reason exercise shonld commonly not be solitary, and there 
should, if possible, be some object connected with it. If 
the obserration of natnre vere made from the beginning 
of education as prominent as claimed in the Preface that 
it should be, there would be no lack of objects in the ram- 
bles in field and forest taken both for health and for the 
pnrsuit of science. 

371, Hygiene of the ySensca.— Substantially what 
has been said of the muscles may be said of the organs of 
the senses. They require intervals of rest for thorough 
repair. And they may be so overworked that complete repa- 
ration is rendered impossible, and their power be gradually 
exhausted. The ofBce of the senses is to receive impressions 
from things around. Whatever gives an ImpressioQ to any 
oi^an of sense may be regarded as a stimnlus to it. If 
the stimulus be too great or too long continued, injury is 
done. This is very obvious in regard to the eyes. They 
are often injured by too much light. A word of caution 
is needed In regard to the production of near-sightedness. 
This is often caused in students and others by holding ob- 
jects too near the eyes. 

372. Necessity of Seasons of Rest to the 
Srai/n. — We come now to the hygiene of the brain. This 
is the great central organ or instrument of the mind, by 
which it receives the impressions made upon the senses, com- 
pares and arranges the knowledge thus gathered, and origi- 
nates those impressions that are made by it npon the world 
around through the action of muscles. ' It is a very com- 
pound instrument. It needs, like the muscles, seasons of 
rest for the full repair of the wear and tear occasioned in 
its daily use. 

It may be overworked, and then the repair will not 
be complete, and gradual exhaustion of its powers will 
result, occasioning disease in some form. A significant 
illnstration of the importance of seasons of rest for repair 
in the case of the brain is furnished in the &cst, that 
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insanity is not apt to leBolt from mental disturbance, nnleeB 
the subject of it fail to have his regular sleep. If he sleeps 
well, the work of repair is so well done in the brain in its 
nightly seasons of rest^ that the disease, which might other- 
wise occur, is prevented. 

With proper intervals of rest, the mind can perform a 
large amount of labor without injury to the brain and 
nervous system, if there be no undue excitement, and no 
worrying and depressing anxiety. This is shown in the 
length of life that so often aecompanies the quiet but 
laborious pursuits of science, while, on the other hand, the 
excitement and anxiety of a life of business, especially as 
it is ordinarily pursued in this country, are not favorable to 
longevity. 

373. Overworking the Brain.— li is especially 
important that the brain, during the period of its growth, 
should not be overworked. The reason is the same as 
that for the caution, so universally observed, in regard to 
putting too much labor upon the muscles of a yonng 
horse. And yet there is buoyant activity in the child, 
which is disposed to show iteeU in the operations of the 
brain as readily as in the action of the muscles. If this 
activity be turned into proper channels, and be not too 
much stimulated, no injury will be done to the deMcate 
textures of the brain. 

Although much is said of the danger of over-stimulating 
the brain of the child, the difficulty does not so much lie 
here, as in the manner in which the mind is led to act 
There is commonly too much of mere drudgery, and of 
storing the mind 'with unintelligible, and therefore unin- 
teresting matters. The mind, accordingly, is dissatisfied 
and wearied. The tedium of the labor exhausts, and so 
( the brain is essentially impaired. When early education 
shall become in all respects what it ought to be, greater 
real acquisitions vrill be made without any injury te the 
growing brain. 

374. Influence of Quiet Cheerfulness. — It is 
well known that undue mental excitement and the d 
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Bion of anxiety are together apt to produce maanity. 
Though they generally atop short of this resolt, they 
always injure the health aud shorten life. A firm and 
cheerful mind is favorable to longevity, hut the anxious 
and fretting are seldom, if ever, long-lived. 

375. The Passions.— A& the passions must have 
much influence upon the action of the mind, and therefore 
upon the state of the brain and nervous system, the proper 
regnlatioD of them is essential to health and longevity. 
Much of the positive dise&se of the bndn, and of the gen- 
eral nervous derangement so common among the educated 
and refined, cornea from the bad management of the pas- 
sions.' 

376. Alcoholic Stimulants. — There are certain 
articles in common use in the community, which produce 
so deleterious tai influence upon the system, that ^ey de- 
mand a more extended notice than can be given them in 
this chapter. Beference is made to alcohol and tobacco. 
They act chiefly upon the brain and nervous system, 
the former as a stimulant, and the latter aa a sedative. 
The nse of opium is so limited compared with these, 
that it will not be dwelt upon, especially as it is never de- 
fended. 

No fact is more thoroughly demonstrated tiitta that the 
system has no need of alcoholic stimulants while in a state 
of health. So far then as we look at mere necessity, these 
articles are to be considered simply as medicines, required 
only in diseased conditions. But it ia said by some that 
they can be used in small quantities without injury to 
health. This cannot be claimed with any shadow of reason, 
except with relation to very small quantities. 

Entire abstinence ia at least safe, and there are so many 
other things supplied by a bounteous Providence to grati^ 
the taste and the appetite, that we can easily forego the 
use of alcohoho stimulants ; and we ought to be willing to 
do so, if the good of others require it. The common use 
of these articles aa beverages is one of the most prolific of 
the sources of disease ; and it is a significant fact, that the 
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Terj moderate nee, claimed by some to be innocaons, bas a 
Btrong tendency to pasa into a larger nse, even eo large 
that its deleterions influence upon health is palpable. 

377- Tobacco an Active Poison. — The e-ridence is 
qnite as clear in relation to the injnrions effects of tobacco. 
This has sometimes been erroneonsly termed a stimulant. 
The error arises from the well-known discomfort of the 
habitnal user of it when be is deprived of the use of this 
drug. This discomfort has a ilrpmaihig inflooMe, and 
when his system is bronght ag^n under the influence of 
tobacco the depression is removed, not by any direct stimu- 
lating effect, but by the relief given to the uncomfortable 
sensations. 

Tobacco ia really one of the purest sedatives we have. It 
depresses vital action. It acts chiefly upon the nervous 
system, and therefore has a strong tendency to produce 
nervous diseases. While it is injurious to all, it is especially 
so to those who have a low vital action, and are disposed to 
nervous compUints. 

Tobacco is so active a poison that extreme caution is re- 
quired whenever it is administered, as it sometimes is, as a 
medicina The effects of even a small amount of it upon 
one that is unaccustomed ta its use are of the most de- 
cisive character. And that must be an exceedingly artificial 
condition of the system, in which, by continued use of this 
drug, large amounts oome to be home with little apparent 
effect. 

The evidence of the deleterious inflnence of tobacco 
upon the system is as unequivocal as that in regard to the 
influence of opium, and wonderfully strong is that slavery 
t« appetite that makes one persist in the use of this drug 
in spite of such evidence. 

378. Coffee and Tea. — OoSee and tea are off«n in- 
cluded in the same category with alcohol and tobacco. 
Qranting all that is claimed in regard to the injurious 
effects of these articles, it is preposterous to class tliem 
vrith such poisons. The evidence in regard to them is con- 
ffictiug, and all that is settled as yet is, that in some persons 
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they exert a bad inflaence upon the nervous sjBtem. 
If this shoald be foaad to be true of a very large pro- 
portion of all who use them, the evidence would be con- 
clasive against the propriety of their use as common 
beverages. Bat as yet thia has by no means been proved to 
be true. 

379. Poiaonotia EnianfUion8.—T\i.en, are certain 
poisonous emanations, to which the human system is often 
anbjected, that are largely deBtmctive of h^th and life. 
They arise from decomposing filth of various kinds. Be- 
sides predisposing the system to the action of contagious 
and epidemic causes of disease, they also of themselves 
create disease. It is these emanations that render the close 
air of a crowded city, especially in ita narrow lanes, so 
impuro and fairly poisonous. And this impurity of the or 
i& one of the chief causes of the difference in disease and 
mortality between the city and the couutiy. The differ- 
ence is greater than is generally supposed. 

It has been found by statistics in England, that there are 
34 per cent more deaths from consumption, and 55 per 
cent more deaths from typhus, in cities than in the rural 
districts, and the mortality from the diseases of childhood 
is twice as great in the city as in the country. In what 
way these emanations act we know not. But, although 
much is to be attributed to a mere want of ventilation, 
that is, to a lack of oxygen, there is no question that these 
emanations often act as positive poisons to the system. 

380. General Tiew of the Causes of JXsease, 
—In developing the principles of hygiene, we have noticed 
many of the prominent causes of UI health and disease. 
They are chiefly these : 1. A disregard in various ways of 
the rules relating to the digestive process. 3. Compression 
of the chest, especially during the period of growth. 3. 
Deficiency in the supply of pure air to the lungs. 4. Fail- 
ure to guard properly against the influence of cold and heat, 
chiefly the former. 5. A lack of active exercise in the 
open air. 6. Overworking the muscles. 7. Errors in the 
management of the moral and intellectual powers. 8. The 
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inSneQce of snch articles as alcohol and tobacco. 9, Ema- 
nations from decomposing filth. 

It is well thus to look at these causes gronped together, 
cndeaToring to give to each its due prominence. For vari- 
ous and exclusive views are often taken on this sabject 
Quite commonly some of these causes are kept ontirely out 
of view, while others are strongly pressed npon our atten- 
tion. Disease is generally a very compound result, produced 
by a concurrence of several of these causes, and sometimes 
even of all of them. 

These causes of disease, it will be observed, are more or 
less under our control Some of them are entirely so. A 
knowledge of their operation, and an earnest endeavor to 
remove thetn, would, therefore, vastly diminish the uuount 
of ill health and disease. 

3S1. Our Control over the Causes of Disease. 
— It is true that there are some other causes of disease, of 
which we know but little, and over which we have little or 
no controL Such are the causes of various contagions and 
epidemic diseases. But these really produce a much less 
amount of disease than the causes which have been men- 
tioned. Their action is occasional,and confined to localities; 
not continual, and in all places. And besides, they may to 
a great esteat he shorn of their power, by guarding against 
those causes of disease which are more or less under our 
controL It is those who neglect to do this that commonly 
become most readily the victims of contagions and epi- 
demics. 

382. ^Preventive and Curative Measures, — 
There is much interest in the community in regard to the 
cure of disease, but there is a blind indifference to its pre- 
vention. And yet vastly Tnore can be done in the diminution 
of disease by preventive than by curative measures. The 
ravages of consumption, for example, can undoubtedly be 
greatly leasened by preventing the operation of its princijial 
causes; and yet what is said about these causes is little 
heeded, and the public attention is engrossed with the delu- 
sions of consumption-curers. 
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It ie emphatically true of thia loalady, that mnltitndes 
more can be saved by preventive measures than by cnrative 
ones. Against no disease can hygiene achieve greater vic- 
tories. The neglect to use preventive meaaures against 
this and other diseaseB arises chiefly from the ignorance 
of the principles on which these measures are haeed. The 
prevalent indifference, therefore, to this subject can never 
be fully removed, till the general introduction of Physiology 
as a study into our schools shall make these principles 
familiar to the mass of the community. 



'ciq mod t, Google 



PART SECOND. 



CHAPTER XVII. 
CONKECriON OF THE HIKD AND THE BODY. 

The Nervous System is to the mind the ^rand means of 
commuDication with the world of material and immaterial 
things aroand it. 

This commtinication is maintained through organs sub- 
ordinate to the nervous system. And yon have seen that 
through the senses all knowledge of external things is com* 
muBicat«d to the mind, where it is used as the material of 
thought and feeling; while, on the other hand, through 
the muscles the mind produces all its impressions npon 
external things. 

Let ns now look more thoroughly into the connection 
which the nerrous system establishes between the mind and 
the body, and observe some of the higher and more intricate 
phenomena which result from it. 

383. The Brain the Organ of the Mind.— The 
brain is the organ of the mind. lu this life there can be no 
mental manifestations except throngh the agency of this 
organ. The mind and the brain always act together as one 
thing. This is manifest in regard to motion and sensation. 
It is equally true of thought. The mind can think and 
excite motion in the muscles only through the brain. The 
proofs of this are various and abundant. 

If a man by a blow npon his head have a portion of the 
skull driven in npon the brain, so aa to press upon it con- 
siderably, all sensation and power of motion are suspended. 
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His mental connection with the world aronnd him is com- 
pletely cut oflfl And fnrthennore, all mental actioa ie ar- 
rested. The mind, thus shnt in from the world around by 
the saspensiou of sensation, does not go on to act indepen- 
dently of the compressed brain. 

It may be remarked, that this degree of the BaspensioD of 
the mental functions depends upon the degree of effect pro- 
duced upon the brain. If, for example, in the case of injury, 
the pressure of the bone driven in upon the brain be not 
very great, the suspension will be partial ; but if the pressure 
be considerable the suspension will be oomplet«. 

384. Insanity a Disease of the Organixation. 
— Insanity is always the result of disease in the organization. 
This is so even when it is produced by moral causes acting 
directly upon the mind. The insanity in such a case is an 
indirect effect — the organization affected by the mind is 
thrown into a diseased state and reacts apon the mind, in- 
fluencing its manifestations. 

If the mind thus acted upon were a spirit, separated 
from the body, the result would be merely the feelings, 
which the motives applied would naturally ^roAac^, and not 
the unnatural feelings of insanity. It is not strictly proper, 
then, to speak of a " mind diseased." 

Let it not be understood that men tal derangement in everf 
case is to be attributed to disease that leaves such palpable 
traces that the dissecting knife would reveal it if death were 
to take place. There are diseaaed operations of the body 
that are hidden from our view — so hidden, that they not 
only leave no traces, but often develop no characteristic 
bodily symptoms. 

385. Situation of the Brain.— Ohaerye for a mo- 
ment the situation and the immediate connections of the 
brain, the organ of the mind. It is fitly placed at the sunt 
mit of the structure, inclosed by that noble dome which wax 
described in the Chapter on the Bones. And then observe 
that, in its immediate neighborhood, are the organs of four 
of the senses, sending their messages continually to the 
mind. Especially notice that under the jutting arches of 
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the front of the dome are the ever-moTing eyea, looking ont 
from their elevated place of obseiration ; and at the sides of 
the base of the dome are the halls of audience, ever open and 
teady to transmit the messages that come to the sonl through 
the vibrations of the air. And there, too, in the very front 
of this habitation of the mind is the &ce, iodicating by the 
delicate, qnickly changing play of its muscles the thoughts 
that are at work within. And lastly, there is the month, 
the outlet for the voice, the chief agent of the oatward man- 
ifestatioQB of the mind. 

Here then are clustered together in this small space, in 
the immediate neighborhood of the mind's habitation, its 
principal instruments of communication with the world 
around. When we are listening to eloquence, whether it 
be in the pnbUo assembly, or in the social circle, or in the 
more private intercourse of friendship, and observe, as the 
rich tones proceed from the month, the elevated and change- 
ful expressions of the countenance, we are impressed with 
the idea that, if it be the mind which constitutes the 
image of Ood in man, the face of man thus situated in tiie 
front of the mind's habitation is the fitting outward emblem 
of that image. 

386. Rapidity of Communication between 
the Mind and Sody, — It is interesting to observe how 
exceedingly rapid are the communications of the mind with 
the different parts of the body. Notice what the process is, 
or rather what the processes are, when yon withdraw your 
hand from any thing that hurts it, as heat for example. An ' 
impression is produced upon the expanded nerve in the 
part — this impression is sent along the nervous tubuli to the 
brain — the mind there receives the impression — the mind in 
return communicates an impression to the brain — this im- 
pression goes by another set of nervous tubuli to the mus- 
cle — they act, and the hand is withdrawn. If it took as 
long to do all this as it has to describe it, the hand would be 
very thoroughly burned before it is drawn away. 

387. Skill in the Use of the Muscles.— The nss 
which the mind makes of all the machinery of the senses 

ciq mod t, Google 



CONNECTION OP THE MIND AHD THE BODY. 377 

and of the organs of locomotioQ does not come to it' at the 
outset It comes by training, and in some casea bj very 
long trainiog. The child at firet nees ite mosclee bunglingly. 
It does not see or hear Bkillfally. It knows nothing at first 
of the' colors, or shapes, or distances of objects. It knows 
nothing of the direction or distance of sounda It has all 
these things to learn. And for ^is purpose the organs of 
sense and the mascles are pat into ezercise at once, and 
the child b^ns its long process of learning on the day of its 
birth. 

Few have any conception of the amount of knowledge 
which is acquired in the first of the child's life- Not only 
is he bom with absolutely no knowledge of the world of 
things around him, hut he has no skill in the use of the 
instruments, the muscles and the senses, by which he is to 
obtain his knowledge. These give him at first no very defi- 
nite information; but by the constant esercise of them, 
and by comparisons between the reports of the different 
senses, he soon adds rapidly to his stock of knowledge, and 
becomes skillful in the use of his means of gathering it. 

388. Skill in the Use of the Senses and ffie 
Muscles. — Skill in the use of the muscles varies much in 
different individuals. It is wonderful in the juggler, the rope 
dancer, the eMllfiil player on a moaical instrument, and the 
accomplished singer. You will have some conception of 
what education can do for the muscles, if you contrast the 
awkward balancing of the child in walking #ith the agile and 
delicate balancings of the rope-dancer, or the aimless and 
unconth movements of the infant's hands with the rapid and 
varied execution of the player on an instrument, or the monot- 
onous and coarse sounds uttered in a child's first attempts 
at singing with the varied melody of a skillful singer. 

The senses are educated as well as the muscles. As you 
see an infant reaching out his htUe hands awkwardly 
with his unskilled muscles towards an object, it is manifest 
that he knows not at what distance the object is from him, 
and that he does not readily adjust his eyes to its distance, 
so as to cee it cleariy. 
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He after a while by practice acquires the power of doing 
tbis. The same may be said of hearing. The little mnscles 
described to you as bo nicely adjusting the eye for seeing at 
different distances, and the ear for hearing various notes of 
sound, require training, just as the muscles do with which 
we walk or talk. 

389. The Senses and the Mttseies Mutual 
Teachers.— The senses and the muscles are mutual teach- 
ei-8 in Uie education here described. Thus, m Binging, the 
accuracy of the sense of hearing in estimating sounds is 
acquired through the action of the muscles of the voice 
while the ear is listening. And on the other hand, skill in 
executing sounds is acquired by these muscles under the 
tuition (5" the ear. The dependence of the senses upon the 
muscles is not absolute, however, as Is that of the muscles 
upon the senses. 

The ear can be trained in the accurate appreciation of 
Bounds without any corresponding exercise of the muscles 
of the voice, though the two processes are ordinarily to 
a greater or less extent connected, and are corrective of 
each other. But even when the ear is trained without any 
aid from the muscles of the voice, the training is in somo 
measure a training of muscles. 

For there are certain little muscles that regulate the ten- 
sion of the drum of the ear, which undoubtedly go through 
a process of training when we are learning to distinguish 
accurately between different notes of sound. While the de- 
pendence of the senses upon the muscles is thus a partial 
one, the dependence of the muscles upon the senses is, on 
the other hand, complete. 

Although the mnscles have a sense of their own, a mus- 
cular sense, as Bell calls it, this is not adequate to be their 
sole guide in action, but it serves as a mere auxiliary in this 
respect. This absolute dependence of the muscles upon the 
senses is very strikingly shown in the fact, that the deaf and 
dumb are dumb simply because they are deaf. The voice 
in them has no teacher. 

390. The Involuntary Muscles not Edu- 
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^eated. — The education of the muscles does not extend to 
those wliich are involuntary. Though respiration, for ex- 
ample, is a very comphcatcd act of many muscles, these 
muscles require no education to do their part skillfully. 
We baye no need to superintend them, for their constant 
action is secured by an arrangement for nervous influence 
which is independent of the mind. 

So, while the mind sleeps, or vben it is locked up in the 
stupor of disease, these muscles continue to perform their 
duty, as well as when we are awake. The same substantially 
can be said of the muscles which perform the act of swallow- 
ing. Aithongh this ie a very compoond, and, mechanically 
considered, a very diflcalt act, it is performed as well in the 
first hour of the child's life as it is at any future period. 
The muscles that execute it need no training. And yet it 
is only after long and diligent training that the purely toI- 
untary muBcles, as for example thoBe of the hand, execute 
movements which are no more eomphcated and difficult. 

The reason for this difference is obvious. The movements 
which are performed by the involuntary muscles, such as 
breathing and swallowing, are immediately essential to the 
preservation of life, and it is therefore necessary that they 
should be well executed from the first. The voluntary mus- 
cles, on the other band, instead of being devoted, like the 
involuntary, to the maintenance of life, act as the instru- 
mente of the mind, and therefore the mind acquires the 
power of using them skillfully only by dint of long-continued 
training. 

391, Anaociatioti of Action in the Muscles 
without Mental Action. — In the education of the 
musclee, it is to be observed, that although the mind, during 
the process of learning, at first takes distinct cognizance of 
every movement, it after a while, as the education becomes 
complete, takes little or no notice of many of the move- 
ments, except when some error occurs, or some obstacle 
arises. Thus, when one is learning to sing or play a tune, 
the mind, through the ear, at first takes a definite and dis- 
tinct notice of every sound, and makes an appreciable exer- 
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tioQ in eveiy morement. Bnt afber the tune is learaed, this 
ceases to be the ease, and ftie moTements seem to be asso- 
ciated together, in some measure independently of mental 
action. 

So in learning to walk, the child notices each of his move- 
menta very distinctly. When, hovever, he has fully learned, 
but little thought seems to be expended upon the motions, 
except when some obstacle appears which interrupts their 
regular succession. When one walks in a reverie, the mind 
is most of the time wholly abstracted &om the associated 
movements which make up the compound act of walking. 

In learning to read, the child makes a distinct mental 
effort in regard to each letter, resorting to every aid which 
-will help to make the effort a successful one, even- to 
putting the Qnger on each letter as he looks along the line. 
But as he becomes more and more skilled, the association 
of action comes more and more inte play. 

393. O^ces of the Cerebrum and Cermet- 
lunt. — In the Chapter on the Nervous System, the different 
offices of the different central organs of this system were 
mentioned. The brain, as you have seen, is more especially 
connected with the mind, and is the great instrument 
through which mental manifestations are made. But it is 
only a certain part of the brain, the cereSrum, a, Fig. 110, 
that has this special connection with the mind. The eere- 
bellwn, h. Fig. 110, it is supposed, is especially devoted to 
the motions of the body, for in different animals it is de- 
veloped in proportion to the range and variety of motion. 

From extended observations on this point in comparative 
anatomy there seems to be good reason to conclude, that the 
cerebellum is the great central apparatus for comiininff the 
various componud motions of the body. It is uniformly 
found to be larger in those animals that have great compli- 
cation in their muscular movements, than in those in which 
these movements are of a simple character. 

Thus, in animals whose most comphcated motion is walk- 
ing, as the hoofed quadrupeds, the cerebellum is much smaller 
than in those animals that climb and take hold of things 
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. with their pawB. Id man it is much Urger than in any 
other animal, for he walks erect, and thus brings into action 
a Tery large number of muscles in this delicate balancing 
movement (for such it ia), and then, in the individual parte 
of the body, eapecially the hand, he executes a great range 
of very complicated movementa. It ia more developed in 
monkeys and apes than in any other of the inferior animalii, 
because, with their capability of extensive variety of posture, 
and their power of seizing objects with their extremities, 
they obviously come nearer to man than any other animal 
in the varied combination of their muscnlar action. 

The conclusions thus arrived at by comparative observa- 
tions in animals have been confirmed by experiments. It 
has been found by physiologists, that if the cerebellum be 
removed with as little disturbance as possible to other parts, 
although the Bensibilities remain, and motions arc performed, 
the power of combining muscular actions iu definite com- 
pound movements, such as flying, walking, &c., is lost 

In relation to the cerebrum, we find that the amount of 
intelligence depends on the amount of its gray portion, the 
vesicular substance. In man, therefore, this part of the 
cerebrum is very much greater than it is in any other animal. 
It is the difEerence in the amount of the gray substance 
which constitutes the grand distinction between the brain 
of man and that of any of the higher orders of animals, for 
in all other respects his brain seems to differ little from 
theirs. 

In looking at representations of the brain, as in Fig. 112, 
it would seem at first view that the gray subst^uce, the 
working part of the cerebrum, is much less in amount than 
the white portion, which serves only for transmission. But 
this is not so. The eye is deceived, because the white sub- 
stance is all together in one central mass, while the gray 
substance is spread out in an external layer. This is very 
plainly illustrated by Fig. 158. Here the area, a, contained 
in the inner circle, strikes the eye as being larger than the 
area, h, included between the two eiroles, and yet these areas 
ore precisely equal. 
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Obserre for a momeDt, in this conaection, the concurrent 
erideiice by which we determiae what the function of the 
gray snbstance of the brain is. It comes from two soorces. 
The first is that which ie f umisbed to ns by the stroctnre of 
the cerebrum. As heretofore stated, the gray portion is 
made up of cells, while the white portion is composed of 
tnbnli. These ttibnli are such as we find in the nerres, and 

Fro. 158. 




in feet are continaoas with them. We very properly infer, 
therefore, that as the nerree serve only for transmiseion, the 
white part of the brain does the same. It has, therefore, 
nothing to do with the thinking, and yet we know ftom 
other f^ts that this is done in some part of the cerebmm. 
So we necessarily infer that it must be done in the gray 
subfitaDca And here, to confirm the truth of this inference, 
comes in one other source of evidence, viz., the comparison 
between different animals in regard to the correspondence 
between the amount of the gray substance and the amount 
of intelligence. 

393. FaciiU Atiffle. — The size of the anterior portion 
of the brain, above referred to, may be estimated by the 
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meaBurement of the facial angle. This angle is formed by 
drawing two lines as represented in Figures 159 and 160. 
The line, a, i, is drawn iirom the most promineot part of the 
forehead to the front of the upper jaw. The line, c, d, is 




intended to represent the line of the base of the brain, and 
runs from the orifice of the ear along on the floor of the 
cavity of the nose. It is manifest that the less prominent is 
the forehead, that is, the less brain there is in the fhmt part 
of the head, the more acute will the angle be that is formed 
by these lines. In Fig. 160, which represents the skull of a 
negro, this angle is more acute than in the skull of the 
^ European, Fig. 159. In animals this facial angle is much 
more acute than in man. In the monkey tribe it varies 
from 65° to 30°, while in man its average is about 75°. The 
ancient Greeks, wishing to give the aspect of great intellec- 
tual superiority to their statues of deities and heroes, made 
it in them as high as 90°, 

It is proper to remark here, that while it is clear that, as 
a general rule, the amount of intelligence is to some extent 
proportioned to the amount of the cerebrum, both in man 
and in animals, the rule is not an invariable one. Size is 
fiir from being the only measure of power in this case. 
What differences there may be in intimate stmctuTe, to com- 
pare with the mental differences, we know not Even where 
the rule stated above holds good, the difi'erence in mere bulk 
is fir from being proportionate to the mental difference. 
The mind of a Nevrton or a Shakspeare is gigantic compared 
with any common mind, but the brain in such cases is not 
very much larger than ordinary brains. 
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394. Mental Difference between Man and 
other Animals, — In relation to tlie evidence drawn from 
a comparison between different animals in regard to the 
faoctions of the nervous system, there is one eignificuit fact 
which must not pass unnoticed. Though, as we rise in the 
Bcale of animal life in our observations, we find ever; new 
addition of functions coupled with some new additions of 
structure until we come to the higher animals, we do not 
find this to be so when we pass from them, to man. 

The brain, it is trae, is larger in man than it is in them, 
and has much more of the gray substance ; but there are no 
essentifd differences of stracture in his brain, to correspond 
with the added mental qualities which so decidedly distin- 
guish him &om the brutes. These qualities constitute some- 
thing more than a difference of degree. It is a difference of 
Mnd. And, therefore, it is a great and a significant fact, that 
there is no corresponding difference of kind in the organiza- 
tion of the brain. 

The distinction between man and other animals is a defi- 
nite one. It is b& definite as It would be if it were based 
upon difference of organization. The barrier is fixed ; and 
not a step over it has any animal advanced, with all the 
training which may have been expended upon hira. No 
animal, however intimate his intercourse with man, has ever 
acquired man's habit of abstract reasoning, or manifested 
any real knowledge of the difference between right and 
wrong. Prot Guyot does not speak too strongly when he 
says, "I will even go &rther than is ordinarily done, and I 
will say, that there is an impassable chasm between the 
mineral and the plant, between the plant and the animal; 
an impassable chasm between the mere animal and man." 

395. Sou/rces of Evidence in regard to the 
Nature of the Connection between Mind and 
Body. — The nature of the connection of the mind and the 
body is a great mystery. Still, there are many things which 
we can know in relation to it. The sources of our knowl- 
edge on this subject are three, viz., the investigations of 
Physiology, the testimony of Gonsdousness, and that of 
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Revelation. Each of these kinds of evidence throws light 
upon the others. If, therefore, we uae all of them, giving to 
each its due limits and force, we shall come to some cert^n 
and valaable conclusions. Bat if we take any "one of them 
alone, we shall be liable to be led into gross error. 

In the investigation of this subject, there is in some physi- 
ologists a disposition to rely upon physiology alone, to the 
exclusion of the other soorces of evidence. In doing this 
they are driven to this altemative: either they mnst be 
content with a very limited knowledge of the subject,- or they 
must rely upon mere presumptite evidence for many of their 
conclnsions. And commonly the latter is the course which 
they pursue. They are not content with the very limited 
conclusions to which they are shut njiby the absolnte proof 
furnished by physiology. 

They boldly reason, therefore, upon what they deem to be 
probable. And they are invariably led into error. 

39Gm Endowments of Matter. — In order to get 
definite ideas of the manner in which the erroneous conclu- 
sions are arrived at, let us view matter in its various states 
and connections. Unorganized dead matter, in some im- 
portant respects, ia entirely different from living organised 
matter. The distinction is a definite one. It is easily recog- 
nized, and none but dreamers in science have failed to see it. 

Living matter is endowed with certain properties that 
dead matter has not They are termed vital properties. 
They control to a certain extent the mechanical and chemical 
properties which both forms of matter have in common. 
Some suppose that what we call life is a single principle ; 
but others suppose the endowment to be compound, made 
up of different principles or properties. Bnt this question 
we need not discuss. All that concerns the view here pre- 
sented is the mere fact of the endowment. 

Let ns go a step farther. Some living beings have more 
endowments than others. All have those of organic life in 
common. But there is an animal life also, which by means 
of the nervons system is superadded to the organic. And, 
as we trace the animal kingdom from the lowest animal np 
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to man, we find the eiidowmente connected with this system 
multiplied as we advance, till in bim they are more compli- 
cated and extensiye than in any other animal. 

This is especially trne of intellectu&l endowments, those 
which are merely inBtinctiTe being more developed in many, 
perhaps we may say moBt, of the inferior animals. And in 
man we find special mental endowments, of which other 
animals present not the faintest trace. 

397. Is Intelligence One of them ?— Now the 
question arises, whether intelligence is like life, a mere en- 
dowment of matter, or whether it is in some measure inde- 
pendent of it. In other words, whether it is a principle or 
set of principles with which matter is endowed, or an imma- 
terial something which acts through matter as its instm- 
menL How much does hare physiology teach us on this 
qnestion ? It has often been claimed that it can teach ua 
much, and the most hold conclusions have sometimes been 
ventured from this quarter. But mere speculation has in 
all snch cases been deemed to be proof. Physiology does 
show as, as before stated, that the spiritual is in this world 
always connected with the material, and that mind never 
acta independently of the matter with which it is connected 
in the brain. But it gives us no light upon the nature of 
this connection. It is well for us to know how de6cient are 
its teachings on this point 

For all tliat it can teach us, we know not but that the 
mind may be a mere result of action in matter. It neither 
tells us that it is so, or that it is not It leaves us entirely 
in the dark on this point Indeed so far as it affords pre- 
sumptive evidence, it appears to teach, that mental phe- 
nomena are results of matter, acting in consequence of cer- 
tain endowments or tendencies imparted to it, just as secre- 
tion is in living substances, or chemical action in those 
which are not living. 

Accordingly those who have relied upon physiology alone 
on this subject, have adopted various forms of materialism. 
Some have supposed that thought is a mere product of 
matter, and that the brain secretes it as the liver secretes 
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Me. Others have tanght that the mind is "a bundle of 
instincts," each residing in some particular part of the brain 
as its organ. This has been the doctrine of soaie prominent 
phrenologists. 

Let us look at living matter in another point of viev, and 
see to what physiology alone, if at all Tentoresome in draw- 
ing conclusions, will lead us. I^et us look at the origin and 
growth of the thinking animaL ' Take, for example, an ani- 
mal the formation of which we traced in the Chapter on 
Cell-Life. The beginning of the bird as it forms in the egg 
is a simple cell Qtled with a fluid. This produces other 
cells, and soon the organs and the limbs of the animal are 
formed. At length the animal bursts the shell, and comes 
out not only a living and sentient being, but a thinking 
being. It has a mind which feels desires and emotions, ^id 
prompts the muscles to action to effect its purposes. 

Organization here precedes the development of mind so 
&r as we can see, and therefore it would seem that mind is 
a result of organization. Especially does this appear to be 
so, when we find that the amount of mind in different ani- 
mals is proportioned to the amount of a certain part of the 
organization, the brain. All this is as true of man as it is 
of other animals. And besides, we see in man that as the 
organization becomes perfected, the intelligence is propor- 
tionably increased. 

In infancy, when the organization of the brain is imper- 
fect, the intelligence is sm^ in amount, and grows with the 
growth, and strengthens with the strength of the brain. 
And as the mind thus grows with the body, it appears to 
perish with the dissolution of the organization, and in the 
case of the inferior animals undoubtedly does so. 

But the evidence from physiology does not all tend to 
materialism. There is some negative evidence which has a 
different bearing, in the fiict that, while man ditTers in his 
spiritual nature so widely and so specifically from the infe- 
rior animals, his brain exhibits no corresponding specific 
difference iu structure, but only a difference in amount. 
The difference in degrees of intelligence in the animals 
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below man is marked by a correapondiiig difference in the 
amonnta of the gray sobetance. 

And if it were hue that man, as some think, differed firom 
them only in having a higher degree of iDtelligence, we 
should espect to find in him a mere increase of this sub- 
stance.. But as his mind differs ii-om theirs not merely in 
degree, but in kind also, we should have reason to expect, 
if mind were wholly dependent ou organization, that the 
anatomist vonld find not only an increase in the quantity 
of the gray snbstance, but also a difference in its structore. 

398. Physiologist needs other Evidence.~It 
is quite clear then, that the physiologist cannot well avoid 
materialism, if, in examining the connection between the 
mind and the body, he rejects all evidence beside that which 
physiol<^ furnishes. He can be saved from this result only 
by being content with the narrow limits to which he is 
ahnt np, if he confine himself to absolute proof As we 
have already seen, the positive knowledge that physiology 
gives UB on thia subject is exceedingly narrow. We soon 
come to the line that divides the known and the supposed. 
And if we attempt to go beyond that, our conclusions as 
to what is probable will quite certainly lead na to the result 
pointed out. 

The need, therefore, of the evidence drawn from the other 
sources mentioned is most palpable. The phyaiologist must 
confess himself to be under the necessity of going out of his 
physiology, in order to learn all that can be learned upon 
this subject. At the beat, there is much mystery in relation 
to it which we cannot penetrate, with all the light that we 
can bring to bear upon it. And the mystery is deep indeed, 
when we call to our aid only the dim ligbt of physiology. 
It needs some other light to deliver us from the confusion 
of ideas, into which we are introduced by the analogy exists 
ing between the phenomena of life and instinct and intelli- 
gence, in relation to their connection with the organization 
of matter. Let ns look then at the evidence which comes 
from the other two sources, viz., onr consciousness, and reve- 
lation. 
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399. ConsciousnegH. — 'Every indiyidual is con- 
Bcious that, as be feels and thinks and acta, be, that Ib, bis 
mind or spirit, acta upon the atracture of bis body, and is 
acted apon by it It is not a consciousness that be, as a 
iHatmal body, does all this. He feels that it is a power 
witbin that does it, and be instinctiTely separat£s in bis 
ideas the power from the different parts of the body, and 
from the body as a whole. He is conacions, too, of a reaponsi- 
bility in relation to the tbongbts and acts of the spirit 
witbin. He baa a knowledge of right and wrong, and has 
self-reproach on doiiig wrong, and self-approbation on doing 
rigbt 

It is this coDBciouaness of a self-acting immaterial spirit in 
this material body, that (institutes the basis of all character, 
and of all the moral relations of man to his fellow-man, 
and to bis Maker. Everybody acts upon tbe testimony of 
this conscionsneas as being valid and certain teatimony. 
And, however the pbyaiologist may reason about matter 
and mind, as if tbe latter were a mere product or endow- 
ment of the former, yet aa a man, as a member of society, 
as a subject of government and law, be cannot avoid acting 
upon tbe ground that mind in a certain sense controls 
matter, and is responsible for its acte independently of tbe 
matter with which it is connected. 

400. Evidence from Conaciouttnesa Con- 
flmted lyy Bevelation. — Now tbe evidence which this 
consciousness affords us should suffice to keep us Irom tbe 
nuiterialism into which physiology taken alone would be 
apt to lead us. It sliows us that, although tbe mind ia de- 
veloped with the material organization, and can act only 
with it, it is not its mere product, nor one of its endow- 
ments. It shows us, on tbe other band, that it ia in some 
measure independent of matter, and that its dependence 
upon it ia only a dependence of connection, matter being 
the instrnment of mind, through which it acts on external 
things, and is acted upon by them. The evidence from this 
source is of a positive character. 

We are driven by it to the alternative of believing that 
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the miiid is on immaterial, Belf-acting agent, in some meas- 
are independent of matter, or of harboring the impiong and 
moiiBtrous belief that the Creator has implanted in the 
boBom of man a lie, and that he is living a horrible farce, 
acting in view of moral relations and responsibilities that 
have no existence. 

This positive testimony of our consciousness is confirmed 
by the testimony of revelation. This is not done by any 
formal array of proof. The existence of the spiritnal part 
of man as a self-acting responsible agent is assnmed as a 
ioct that needs no proof. All the statements, and teachings, 
and appeals of the Bible recognize it as a fact known to the 
conscionsness of every man. The Bible, therefore, may be 
considered as simply affinning that the testimony of our 
consciousness on this point la valid testimony. 

But the Bible goes ferther than this. It gives us one 
great fact of which neither physiology nor our consciousness 
could assure us, namely, the mind's immortality. Our con- 
sciousness could, it is true, give us presumptive evidence to 
show that the soul with its high powers and aspirations ia 
to live after the death of the body. But it could furnish us 
no absolute proof of the fact And its presumptive evi- 
dence would be efTectually rebutted by the presumptive 
evidence from physiology, which, as you have seen, points 
in another direction. 

We are so familiar with the mind's immortality as a 
known fect^ and we so uniformly think of it in connection 
with the death of the body, that we are not aware how abso- 
lutely dependent we are upon revelation for all that we 
know in relation to it. If there were no revelation, and 
death were to ns an unknown event, and we were now for 
the first time called upon to witness the death of a friend, 
how little should we know, and how confused would be our 
thoughts in relation to the great mystery before us ! " What 
is it?" we should ask. "Is it sleep? So. We never saw 
any one sleep thus. What is it ? Who can tell us ? " And 
we should wonderingly watch to see some signs of awaken- 
ing, not giving up all hope till decay begins its ravages on 
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the loved form before ub. Then, as we should from the dic- 
tate of nature, oonBign to the earth the friend who was so 
recently among us a breathing, moving, speaking man, now 
a mere mass of decaying matter, we should feel that we tmry 
there not the body only, but all that belonged to that body 
during life — the whole man. 

Thought and feeling, as well as life and motion, would 
appear to us, untaught of Ood, to be extinguished in the 
grave. Even if some one shonid utter all tremblingly the 
hope that there might be a subtle, spiritual part of our 
friend that wonld some time, m some form, return again to 
onr society, that hope would at once be crushed by the re- 
flection that whatever it was in our friend that thought and 
felt, it came into existence with the body, was infantile when 
the body was, grew with the gro*th of the body, and 
strengthened with its strength, and therefore now, so far as 
we can see, haa perished with it Nature utters no voice 
to tell us otherwise. She emits no light to illnminate the 
grave. Darkness and silence rest there, till the light of reve- 
lation shines upon it, and God proclaims man's immortality. 

Your attention has been called to the three sources of 
evidence in regard to the connection of the mind and the 
body, and the character of the evidence furnished by each 
has been indicated. It has been shown particularly tiiat if 
the attention he confined to that which is furnished by 
physiology, the mind is apt to be led into materialism. But 
the attention should not thus be confined. All the three 
kinds of evidence should be employed and should be brought 
to be^ upon each other. 

If this be done, the discrepancies in the evidence from 
physiology are cleared up by the evidence afforded by con- 
sciousness and revelation, and we see the true value and 
bearing of the feet, that the specific mental difference between 
man and animals is not attended with a corresponding 
structural difference. Though this feet operates merely as 
conflicting evidence, when taken simply in connection with 
the rest of the facts developed by physiology; when we 
come, on the other hand, to take the whole range of evidence 
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from the three eourcea spoken of, it is exceedingly satisfac- 
tory as concurring with the testimODy of consciousneae and 
rerelatioQ. 

At the same time, those physiological pbenomena, which 
taken by themselves seem to show so strongly that the mind 
is wholly dependent upon organization, are so interpreted 
by the evidence from the other sonrces, that the dependence 
is seen to be for the most part a dependence of connection 
only, tlie brain being the instrnment of the mind. 

The evidence from conBcionsnesB and revelation ie of the 
most positive character, and can not be set aside by evidence 
from any other source. Other evidence may serve to inter- 
pret it, but can not nulli^ it. Tbe attempt is sometimes 
miide to set it aside by urging the presumptive evidence of 
physiology, ae if it werftabsohite proot Bat most physiolo- 
gists engage in no snch futile and unchristian efforts, but 
give due weight to the testimony of conscionsueaa and reve- 
lation in all their investigations of the mysterious connection 
of the mind and the body. 

The influence of Carpenter, an Euglisb physiologist, 
whose works are more extensively ased by students than 
those of any other physiologist, is especially to be commended 
in this respect. And although skepticism occasionally 
nttera its plausible folsities, deceiving the superficial and the 
speculative, we have no fears fhim present indications that 
tbe votaries of physiolo^cal science will, as a body, be ar- 
rayed in opposition to Christianity. 



k 



CHAPTER XVIII. 

DIFFERENCES BETWEEN MAN AND THE INFERIOR 
ANlHALi. 

The differences between man and the inferior animals have 
been alluded to in different parts of this book, and especially 
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in the preceding cliapter. Bat it bas been done only inci- 
dcntallj, and the sabject demandB at onr bands a more 
thorough and systematic investigation. 

40 i. Viewsofjjord Monboddo.—liorA'iiosiboiAo 
maintained that man is only an improvement on the monkey, 
occurring as a resnlt from the general tendency to advance- 
ment claimed to exist in nature. He seemed to think that 
man bore a relation to the monkey somewhat like that which 
the frog bears to the tadpole, and that as the tadpole becomeB 
the frog, so tbe race of man was produced by a change, at 
some remote period of the creation, of the monkey into the 
man. 

This ridiculoas notion of the erudite but fanciful Scotch 
philosopher is really hut another phase of the more recent 
theory of gradation, or development, as it is sometimes, 
called, which in different forms is now advocated by so many 
European philosophers. And, although few, comparatively, 
adopt thia theory definitely and fully, there is quite a dispo- 
sition among many to obliterate the distinctions by which 
the Creator has in so marked a manner separated man from 
the inferior animals. It is well, therefore, that we sbonld 
have a clear idea of these di8tinction& 

It is often very loosely said that while man is governed 
by reason, instinct rules in the animal.* If it be meant by 
this that, as a general rule, reason predominates in man, 
while instinct does so in animals, the statement is a correct 
one. But if it be meant that animals are wholly governed 
by instinct> and that man is distinguished from them as a 
reasoning animal, it is not correct. For some animals do 
reason, that is, if making inferences be considered as rea- 
soning. 

* Some eiplanaUoQ m&j be well heie in relation to the different nsea 
mAde of the woid animal in different coumections. Here It Ib osed In 
contradiatinction to man. Bo It is need in the eipreasion, man and 
animals. But ae man 1b in certain senses an animal, whenever we wish 
to recognize this fact we speak of other animals as the inferior animela. 
Andthns, in regard to animals, we speak of their higher and lower 
ordersj tlie higher of conne being those that approximate nearest to 
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In traciog oat the difference between man and animals no 
attempt will be made to show what the nature of instinct is. 
This is a great mystery, and all attempts to solve it have 
utterly foiled. Let ns examine some of the differences 
between instinct and reason. In doing this it is not always 
easy to say just where the one begins and the other ends, so 
inrimat^ly are their phenomena often mingled together. 

The actions of instinct are more unaoconntable than 
those of reason. In the operations of reason we see some- 
thing of the processes by which results are reached. For 
example, as a man travels over an unexplored country, we 
can understand by what means be obtains a knowledge of 
the country, in order to guide him on his journey. The 
processes of his reasoning in regard to this we can compre- 
hend. 

But when an insect travels with unerring certainty to its 
place of destination without any guide-marks that we can 
see, or when a swarm of bees or a flock of birds wing their 
flight to distant places, or when bees constrnct their honey- 
comb with the exactness of mathematics in obedience to the 
best principles for such a structure, we can not understand 
the processes which lead to the result. It seems to be pro- 
duced by an impulse from a cause extraneous to the ani- 
mal, guiding it as if it were a mere machine. The little intel- 
ligence of the animal seems to have only an incidental con- 
nection with this impulse. It, therefore, merely controls 
somewhat the circumstances nnder which the instinct acts. 

40ii. Instinct Gtivemed by Invariable Rules. 
— So little has the intelligence to do with the instinct, and 
80 nearly mechanical therefore are the actions of the latter, 
that they are governed by an invariable rule. It is nearly 
as invariable as are the movements of a machine. For this 
reason there are no improvements or alterations in the acts 
of instinct. 

The bird and the bee, for instance, have no change of 
&shionin their architecture from age to age. The honey that 
fed John the Baptist, or that which was found by Samson 
in the carcass of the lion, was deposited in the same hezag- 
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ona) cells which are couetructed hy the beee of the present 
day. 
403. Contrivances in tlie Nests of Birds. — 

Each bird builds its nest precisely in the same WHy that 
its ancestral birds hare ever done. Most birds' nests are 
coQstmcted after the same general pattern. But sometimes 
we obserre striking pecnliarities to subserve some special 
purpose. 

Kg. 161 represents the nest of the Baya, a little bird of 
Hindoostao. It is in the shape of a bottle, and is made of 

Fio. 161, 



long grass. It is suspended ttova. a slender branch of a 
tree, so that monkeys, serpents, &&, cannot reach it. The 
entrance to the nest is made on the under side, so that these 
animals cannot enter, while the bird itself can readily fly in. 
It is divided into apartments, in one of which the female 
sits upon the ^gs, while in the other the male bird " solaces 
his companion with his eong whilst she is occupied in ma- 
ternal cares." In Fig. 162 is seen the neet of another little 
eastern bird, which with filaments of cotton taken from the 
cotton plant, sews leaves together with its beak and feet, so 
as to conceal the inclosed nest from its enemies. 
4^4. Contrivances in the Honey-eomb. — 
■ Google 
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While there is no change in the acts of instinct they are 
marked by perfectioiL There is nothing in which this per- 
fection of instinct is lie tter shown than in 
Pia, 162. the construction of the honeycomb. The 

cells are made hexagonal, because in this 
way all the space is occupied— there is 
no waste of room. If the cells were 
made circular, there would not only be a 
waste of room, but a lai^ quantity of 
material would be needed to fill up the 
spaces between the cells. The difference 
can be seen in the two Figures 163 and 
1G4. Each comb, it is to be observed 
farther, has two sets of cells, the ends of 
one set being -arranged against the ends 
of the other in a peculiar manner. These 
ends are not flat, bnt each one has three 
plane surfaces, forming with each other 
a particular angle soon to be noticed, 
and uniting together at the center in a 
point. In the arrangement of these cells, 
jijjg^ therefore, a cell of one set does not lie 

of the TaUor Krd. end to end with a cell of another set. 
Its three snr&ces form a part of the bot- 
tom or end of three cells of the other set This is made 



Pis. 161 




clear by Fig. 165, in which a cell of one set is repre- 
sented as it abuts against a cell of the other set by one of 
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its Bur&ces, its other two sar&cea forming a third part of 
the ends of two other cells. 

Now it has been found that the Pig- 185. 

angle formed at the edge of these 
sur&cea between the two seta of cells 
is such as to seoiire the greatest 
strength with the least amoant of 
material. It was at one time 

thought that this was proYod to be not exactly tme. The 
variation from the correct angle, made out by the calcu- 
lations of the mathematicians, was indeed a slight one, but 
still it was variation enough to show, if the calculations were 
correct, that the workings of instinct wero not perfect in 
this case. Bat the jnTestigations of Lord Brougham have 
satisfactorily shown that the mathematicians were wrong ia 
their calculations, and that the bees are right. 

403. Wonderful Operations of Instinct in 
Communities among Animals, — The perfection 
of the operations of instinct is shown in the most wonder- 
ful manner in the regulation of communities of animals. 
Here we see cooperation to produce results effected through 
an irrational, and therefore in some measure a blind instinct. 
This social instinct is most extensively exemplified among 
the insect tribes, as for instance the bee and the wasp. The 
structures resulting from the co6peration of multitudes 
of little laborers guided by this instinct, are very interest- 
ing. Take but a single familiar example, the construction 
of the nests of wasps. These insects make their building 
material from the fibres of old wood. These they convert 
by mastication into a pnlp, which made into a thin layer, 
becomes firm like paper. It is indeed a process very much 
like the common process of paper-making invented by man, 
and the firat rude inventor may have got his idea from the 
insect. With this auhetance the wasps build several ranges 
of cells, which are hexagonal, like the cells in the comb of 
the bee. These ranges of cells are placed parallel to each 
other, at regular distances, with little supporting columnB 
between them, as seen in Fig. 166. 
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The number and variety of instincts of the ordinary hive 
bees are very wonderful, but it would occupy too much 
space to describe them. 



406, 'Exemplified in the Beaver Commu- 
nity, — The wonderful cooperation of animalB in obedience 
to social instinct, in the building of habitations and other 
structures, is seen in several of the mammalia. Bnt it is 
most wonderftil in the beaver, the following description of 
whose habits in this respect is taken from Carpenter: 

"During the summer it lives solitarily in burrows, which it 
excavates for itself on the borders of lakes and atreams ; but 
as the cold season approaches it quits its retreat and unites 
itself with its fellows, to construct, in common with them, 
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a TiDter residence. It is only in the most solitary places 
thiit their architectnr&l instinct fnlly develops itself. Hav- 
ing asBociated in troops of from two to three hundred each, 
they choose a lake or river, which is deep enongh to prevent 
its heing frozen to the bottom ; and they generally prefer 
running streams, for the sake of the convenience vfhich 
these afford in the transportation of the materials of their 
erection. 

" In order that the water may be kept up to a nniform 
height, they begin by constructing a sloping dam ; which 
they form of branches interlaced one with another, the 
intervals between them being Slled np with stones and mnd, 
"with which materials they ^ve a coat of rough-cast to the 
exterior also. When the dam passes across a mnning stream, 
they make it convex towards the cnrrent; by which it Is 
cansed to possess mnch greater strength than if it were 
straiglit. This dam is nsually eleven or twelve feet across 
at its base, and is enlarged every year; and it frequently 
becomes covered with vegetation so as to form a kind of 
hedge. 

. " When the dam is completed, the commnnity separates 
into a certain number of &milies; and the heavers then 
employ themselves in constructing lints, or in repairing 
those of a preceding year. These cabins are bnilfc on the 
margin of the water; they have usually an oval form, and 
an internal diameter of six or seven feet. Their walls are 
constructed, like the dam, of branehea of trees ; and they are 
covered, on two of their sides, with a coating of mud. 
Each has two chambers, one above the ^ther, separated by a 
floor; the upper one serves as the habitation of the beavers, 
and the lower one as the magazine for the store of bark, 
which they lay up for their provision. These chambers have 
no other opening than one by which they pass out into the 
water. 

" It has been said that the flat oval tail of the beavers serves 
them as a trowel, and is used by them in laying on the mud 
of which their houses are partly composed ; but it does not 
appear that they use any other implements than their incisor 
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teeth and fore-feet. With their strong incisors they out 
down the branches and even the trunks of trees which may 
be suitable ; and by the aid of their mouths and fore-feet, 
they drag these from one phice to another. 

" When they establish themselves on the bank of a nmuing 
stream, they cut down trees above the point where they in- 
tend to construct theii' dwellings, set them afioat, and, profit- 
ing by the current, direct them to the required spot. It is 
also with their feet that they dig up the earth they require 
for mortar, from the banks or from the bottom of the water. 
These operations are executed with extraordinary rapidity, 
although they are carried on only during the night. When 
the neighborhood of man prevents the beavers from multi- 
plying to the degree necessary to form such associations, 
and f^m possessing the tranquillity which they require for 
the construction of the works just described, they no longer 
build huts, but live in excavations in the banks of the 
water." 

407. Blindness of Instinct Exemplijled. — 
Instinct moves straight on to its result, and it does so 
blindly. It exercises no intelligence in regard to the pur- 
pose for which the result is intended, or the circumstances 
which tend to defeat this purpose. It evidently in some 
cases never knows any thing of the purpose aimed at by its 
acts, as, for example, when an animal makes provisions for 
a progeny which it is never to see. 

" It is scarcely possible," says Carpenter, " to point to any 
actions better fitted to give an idea of the nature of instinct, 
than those which are performed by various insects when 
they deposit their eggs. These animals will never behold 
their progeny ; and can not acquire any notion from ex- 
perience, therefore, of that which their eggs will produce ; 
nevertheless they have the remarkable habit of placing, in 
the neighborhood of each of these bodies, a supply of aliment 
fitted for the nourishment of the larva that is to proceed 
from it; and this they do, even when they are themselves 
living on food of an entirely difibrent natore, such as would 
not be adapted for the larva. 
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" They can not be guided in such actions bj any thing like 
reason ; for the data on which alone they could reason cor- 
rectly, are wanting to them ; bq that thuy would be led to 
coDclnsions altogether erroneous if they were not prompted 
by an unerring instinct, to adopt the meaaa best adapted 
for the attainment of the required end." 

408. Results of InsUnct mingled with those 
of Reason. — The results of reason are often mingled with 
those of instinct in such a way that it is difScult to distin- 
guish them from each other. But instinct is of itself wholly 
irrational. If it were not so, it would avoid acting when- 
ever action would evidently be useless. But instinct has 
not the eyes of reason to see when this is the ease. It leads 
the animal blindly on ; -so that, although under all ordinary 
circumstances the object ia accomplished definitely and in 
the best manner, yet there is no capability of making pro- 
vision for extraordinary circumstances. Therefore, actions 
are occasionally performed which do not at all answer the 
purpose which the instinct is designed to effect, 

IiiBtinct, though perfect in ite action under the uniform 
circumstances under which it is destined to act, is a kind of 
blunderer when irregular circumstances arise. Instinct is a 
strict routinist, while reason readily accommodates itself to 
endlessly varying cireumstances. In illustration of the 
above characteristic of instinct, take a few examples: 

The hen will sit on pieces of chalk shaped like eggs, 
as readily as she will sit on the eggs themselves. The fiesh- 
fly often lays its eggs in the carrion- flower, the odor of which 
is so mucii like that of tainted meat as to deceive the insect 

409. Slindness of Instinct Illustrated in 
the Beaver, — An amusing illustration of the blind disre- 
gard of circumstances iu following out the promptings of 
instinct is given by a gentleman, Mr. Broderip, in an ac- 
count of a beaver which he caught when very young. As 
soon as it was let out of its cage, and materials were placed 
in its way, it began to build aft^r the f^hion followed by 
these animals when they construct their dam in a stream 
of water and build their habitations in its banks. " Even 
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wheB it was only half grown," says Mr. B., "it would drag 
along a large aweeping-brusli, or a warming-pan, grasping 
the handle with ita teeth, eo that the load came over its 
shoalder ; and would endeavor to lay this with other ma- 
terials, in the mode employed by the beaver when in a state 
of natura The long and large materials were taken first; 
and two of the largest were generally laid crosswise, with 
one of the ends of each touching the wall, and the other 
ends projecting out into the room. The area formed by the 
cross-brushes and the wall, he would fill up with hand- 
brushes, rush-baskets, books, boots, sticks, cloths, dried turf, 
or any thing portuble. 

" As the work grew high, he supported himself on his tail, 
which propped him up admirably ; and he would oft^n, after 
laying on one of his building materials, sit up over against 
it, appearing to consider his work, or as the country people 
say, 'judge it' This pause was sometimes followed by 
changingthe position of the material judged; and sometimes 
it was left in its place. After he had piled up his materials 
in one part of the room (for he generally chose the same 
place), he proceeded to wall up the space between the feet 
of a chest of drawers which stood at a little distance from it, 
high enough on its legs to make the bottom a roof for him ; 
using for this purpose dried turf and sticks, which he laid 
very evenly, and filling up the interstices vrith bits of coal, 
hay, cloth, or any thing he could pick up. 

" This last place he seemed to appropriate for his dwelling ; 
the former work seemed to be intended for a dam. When 
he had walled up the space between the feet of the chest of 
drawers, he proceeded to carry in sticks, cloths, hay, cotton, 
&C-, and to make a neat ; and when he had done, he would 
sit up under the drawers, end comb himself with tbe nails of 
bis hind feet." If the instinct of this animal had been at 
all rational, it woold not have impelled him to couBtmet a 
dam and a dwelling in a common room, where they would 
be of no use to him. Reason would have dictated the build- 
ing of a nest and nothing more. 

410. Care for Progeny. — The care which animals 
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exercise in relation to their progeny seems to be goyeraed 
to a great extent, perhaps wholly, by a blind instinct. All 
care is given np when care is no longer needed, and with it 
what appears to be affection is given np also. In animals 
there is no such lasting affection of the parent for the pro- 
geny as there is in man ; for in tbem it is merely insdnc- 
tive, and not rational and moral in its character, and it, 
therefore, lasts only so long as it is needed to carry out the 
purposes for which this particular instinct is designed. In- 
deed, in some cases there can be no affection in all the care 
vhich is instinctively exercised by the parent, lor it is put 
forth for progeny which the animal is destined never to see. 

And in those eases among animals in which the family 
st^te exists, it is a mere temporary a&ir, and as soon as the 
otEspring is able to take care of itself it is no more to the 
parent than any other animal of the same tribe is. 

411. Soine Animals have Intelligence as 
well as Instinct. — When this intelligence is shown in 
the mere power of imitation it is of a low order. The par- 
rot that learns to imitate man in speech is not nearly so 
intelligent as some animals that have no such power. Some 
animals have really a reasoning intelligence — that is, they 
make rational inferences. Their reasoning is sometimes, 
as before remarked, so mingled with the operations of in- 
stinct, that it is difficult to distinguish them accurately. 

In the case of the beaver, who labored so foithfnlly In 
obedience to a blind instinct, there was some exercise of 
reason, as, for example, when he "jndged" his work. But 
it is difficult to point out definitely the line between instinct 
and reason in such a case. There are some animals, how- 
ever, in whom the workings of a reasoning intelligence are 
to be seen with perfect distinctness. But their reasoning 
differs from that of man. 

The inferences which the reasoning animal makes are 
individual ; while man goes beyond this, and makes 
general inferences, and therefore discovers general tmtbs. 
"Newton's dog, Diamond, saw apples £tll to the ground, as 
well as his master. And he was capable of making some 
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inferences in regard to them ; but tbey were individual 
inferences. 

For example, if aa apple-tree were shaken, and the dog 
were hit by a falling apple, whenever he saw other apples 
&lling he would infer that he might be hit ugaiu, and 
wonld infer alao that it was best for him to get oat of 
harm's way. This would be the extent of hia reasonings. 
But his master inquired into the cause of the fall of the 
apple, and hy considering this and other similar phenomena, 
he deduced general prineiplee, wliieh govern the movementa 
both of the atoms and the worlds of the nniverse. 

The inferences which are formed by animals are mere 
results of the association of ideas, and the process, there- 
fore, really hardly merits the appellation of reasoning. 
Thus, in the case of Newton's dog, supposed above, the 
idea of the falling apples was associated in his mind with 
the hart experienced when he was bit, and prompted the 
getting out of harm's way. 

When such associations toe extended and complicated, it 
appears at first thonght as if the animal acted in view of 
general truths arrived at by the same process of reasoning 
that man emplo3rs. But it is a mere extension of mental 
associations. Thus, Newton's dog probably associated the 
idea of being bit and hurt with other falling bodies^ beside 
apples. And so, too, varioas circumstances might come to 
be associated with the falling of bodies, and thus complicate 
the mental process which occurred when he saw any object 
&Uing near him. 

412. Reasoning in Animalu -mere Mental 
Association. — To show somewhat the extent to which 
this mental association operates in the brute mind, some 
examples will be given. A wren built its nest in a slate 
quarry, where it was liable to great disturbance tVom the 
blastinga It soon, however, learned to quit its nest and fly 
off to a little distance, whenever the bell rang to warn the 
workmen previons to a blast As this was noticed, the bell 
was sometimes rung when there was to be no blast, for the 
sake of the amusement in seeing the poor bird fly away 
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when there waa no need of aitam. At length, howeyer, it 
ceased to be deceived in this way, and when it heard 'the bell 
ring it looked out to see if the workmen start«d, and if they 
did, then it would leave its nest. 

In this case the bird merely learned to connect in its 
mental associations two circumstances with the blasting, 
instead of the one from which it at first took the warning. 
The operation of this mental association is shown in a little 
different manner in the following case : 

Some horses in a field were supplied with water in a 
trough which was occasionally filled from a pump. As the 
supply was not always sufficient, one of the horses, more 
sagacious than the rest, whenever he, on going to drink, 
found the trough empty, pumped the water into it by tak- 
ing hold of the pump-handle with his teeth, and moving 
his head up and down. The other horses seeing this, would, 
whenever they came to the trough and found it empty, tease 
the one that knew how to pump, by biting and kicking 
him till he would fill the trough for them. 

In this case the horse that did the pumping associated in 
his mind the motion of the pump-handle, as he had seen it 
done by bis master, with the supply of wat«r. And while 
they associated this supply with his pumping, he knew what 
their teasing him meant, because he associated it with their 
motions about the trough, indicating so plainly that what 
they wanted was water. 

A dog belonging to a Frenchman was observed to go 
every Saturday, precisely at two o'clock, from his residence 
at Locoyame to HennettOD, a distance of about three-quar- 
ters of a league. It was found that he went to a butchei-'s, 
and for the purpose of getting a feast of tripe which he 
could always have at that hour on Saturday, their day of 
killing. It is also related of this dog, that at family prayers 
he was always very quiet, till the last paternoster was com- 
menced, and then he would uniformly get up and take his 
station near the' door, in order to make his exit immediately 
on its being opened. 

The narrator of these facts thinks that the first foct shows 
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that the dog could measore time aud count the days of the 
week. "But this can not be so. The dog undoubtedly asso- 
ciated in his mind the time at which he conld get the tripe 
with something that occurred on Saturday at that hour at 
his master's house, just as he associated the concluding of 
family prayers with something that occurred as the last 
paternoster was read, perhaps with some peculiarity in the 
manner of his master when he came to that part of the 
service. 

413. Relation between Cause and Hffect 
learned from Association. — ^Animals learn the rela- 
tion between cause and effect by this mental association, and 
act upon the experience thus gained. This is manifest in the 
examples cited. And it may be observed in many acts that 
we witness occasionally in the higher animals. Thus, for 
example, as a horse was cropping some grass, he took hold of 
some that was so stont, and yet so loosely set in the ground, 
that he pulled it up by the roots, and, as the dirt which voa 
on it troubled him, be very deliberately knocked it across 
the bar of a fence till he got all the dirt out, and then went 
on to eat it. 

Here was a knowledge of cause and effect which was 
derived from previous experience through mental associa- 
tion. You see the same thing when yon see a cat jump np 
and open the latch of a door, or a horse unbolt the stable 
door to get out to his pasture. But in all such cases the 
knowledge of cause and effect differs from the same knowl- 
edge in man in one important particular. In the animal it 
is always an individual knowledge, that is, a knowledge of 
individual facts ; while in man it is often a knowledge which 
has relation to general truths or principles. 

From the facts stated in the last few paragraphs, it is 
clear that Carpenter is not correct in saying that "the 
mind of man differs from that of the lower animals rather 
as to the degree in which the reasoning Realties are de- 
veloped in him, than by any thing peculiar in their kind." 
While there is much in common between them in their 
modes of mental a<ition, especially if man be compared with 
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other animalB in the period of bis io&iicy and childhood, 
there is, as you have Been, one attribute of the hnoian mind 
■which is wholly peculiar to it, and neTer exists in any degree 
in any other animal. And this attribute, the power of ab- 
stract reaaoning, or in other words, the power of deducing 
general trathe or lavB from collectionB of iudividnal facta, 
constitutefl the great superiority of the human mind, in dis- 
tinction from the miud of the bmte. 

414, Language. — It ie this attribate which is the 
source of language in man. This can be readily seen by 
obserring what is the nature of language. It is a collection 
of corresponding vocal and written signs of an arbitrary 
character, arranged according to certain general rules or 
principles. Other animals do have a kind of language of a 
very limitfd character. It is the language of natural signs. 
It is composed of cries and motiouB, which vary in different 
tribes of animals, so that each tribe may be said to have its 
own natural language. But animals never invent and agree 
upon any arbitrary signs, as is done continnally by mankind 
in the construction and extension of language. This they 
can not do, becanse abstract reasoning is required for such 
an invention. General principles are observed in the con- 
struction and arrangement of arbitrary signs, and, as has 
been shown, brutes know nothing of principlcB. 

415. The Source of Man's Belief in a Crea- 
tor. — If he had not the power of deducing general truths 
from individual &cts, he could neither discover the truth that 
there is a first great Cause, nor appreciate or even receive it, 
if it were communicated to him. Not the faintest shade of 
snch an idea can be communicated to any of the inferior 
animals, hoTreyer high their mental manifestations may be, 
and simply becanse the struetnre of their mind is such that 
they know nothing of general principles. 

Carpenter speaks of the disposition to believe in the exist- 
ence of an unseen hut powerful Being, which is found to 
be universal even among the most degraded races of man- 
kind, as a natnral tendency, which he seems to think is im- 
planted in the human breast by the Creator. But it ap- 
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peare clear, that: it is a mere natural result of the exercise of 
the power that has just been mentioaed. 

4:Hi. Conscience. — Man differs from other animals 
also in having a conscience, or a knowledge between right- 
and wrong, and a sense of obligation in relation to it This 
moral sense is supposed by some to be a mere result of the 
esercise of the power of abstract reasoning. Bnt others 
suppose that the sense is implanted as a distinct quality or 
power, and that the oflBce of the reasoning power in relation 
to it is to bring the evidence before it for its decision. 

This point will not be discussed, but that there is no doubt 
as to the existence of such a sense in man. Some attempt 
to throw doubt over it by pointing to its perversions, main- 
taining that it is a mere creature of circumstances, varying 
almost endlessly in different parts of the world. But it 
would be just as rational to attempt to show that there is no 
such thing as a sense of the beautiful in man, by appealing 
to the evidences of perversions of taste, which ignorance, 
bad education, and foolish and novelty-loving fashion have 
indnced. 

417. Jfone in Animals. — In those cases in animals 
in which this moral sense has been supposed to exists it is 
nothing but slavish fear. It has been said by some one that 
man is the god of the dog ; but it is trifling with what is sacred 
to compare the attachment of an animal to its master and 
its fear of his displeasure, with the intelligent regard of man 
for his Creator as a holy and benevolent being. We ordi- 
narily recognize the distinction between man and animals, as 
to the existence of a conscience, in the language we use. 

We never attach the idea of moral charaoter to the acts of 
an animal except by the force of association, and then only 
slightly and loosely. We are not apt to speak of punishing 
a dog, for this word implies a moral fault as the occasion of 
the infliction. We whip him, sometimes, simply to associate 
in his mind the smart with the act done, so as to prevent 
him frora doing it again, and sometimes to vent our ill feel- 
ing for the harm done ns on the poor dog that has so inno- 
cently done it, 
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It is related of Sir Isaac Newton tbat he bad a favorite 
little dog called Diamond, who being left in bis study, 
overset a candle among his papers, and thus bnrut up the 
almost finished labors of many years, and yet the philosopher 
only said, " Diamond I Diamond 1 thou little knowest the 
mischief thou hast done." Newton was a wise and good 
mun, and while he saw that whipping the dog wonld do no 
good in prcTcnting any similar accident in the future, be 
had no ill feeling to rent od poor Diamond, who. certainly 
bad a better and more rational master than most dogs hare. 

418. Summary of Mental Distinction.— Hhe 
mental distinction between man and animals may be thus 
snmmed np. The animal is goremed by instinct, and in 
the higher orders by a kind of reasoning which is based 
upon mental association. Man has, in addition to instinct 
and this lower order' of reasoning, the power of abstract 
reasoning. In the lower orders of animals probably instinct 
mlea alone. In them there is none eren of the limited 
reasoning which we see in the higher animals. They hare 
a nervous system with cert^n central organs, but have really 
no one great central organ that we can call the brain. As 
we trace the animal kingdom upward, we soon find that a 
brain appears, that is, such an organ as may be considered 
the chief center of the nervous system. When we come to 
man the braiu is much larger tbau in any other animal, and 
his intelligence is not only greater, but it is of a different 
character. Not only is the amount of his reasoning by 
association greater than in other animals, but there is also 
superadded, as his grand distinguishing mark, the power of 
abstract reasoning. 



ciq mod t, Google 



PHTMOLOGY AND HYGIENE. 



CHAPTER XIX. 

VARIETIES OF THE HUMAN RACE. 

419. Mankind aU the Same Species^ but Pre- 
senting, very marked Varieties, — Although, as we 
look at men of different natione, we find that there is a 
general agreement in form and organization, there are many 
points in which they strikingly differ from each other, 
" With those forms, proportions and colors," says Mr. Iiaw- 
rence, " which we consider so beantiful in the fine figures 
of Greece, contrast the woolly hair, flat noee, thick lipa, re- 
treating forehead, adyaocing jaws, and black skin of the 
negro; or the broad square face, narrow oblique eyes, 
beardless chin, coarse straight hair, and olive color of the 
Oalmnck. 

Compare the ruddy and sanguine European with the jet- 
black African, the red man of America, the yellow Mon- 
golian, or the brown South Sea Islander; the gigantic 
Patagonian to the dwarfish liaplander; the highly civilized 
nations of Eujope, bo conspicuous in arts, science, literature, 
in all that can strengthen and adorn society, or exalt and 
dignify human nature, to a troop of naked, shivering, and 
starved New Hollanders, a horde of filthy Hottentots, or 
the whole of the more or less barbarous tribes that Cover 
nearly the entire continent of Africa; — and although we 
must refer them all to the same species, they differ so re- 
markably from each other as to admit of being classed into 
a certain number of great varieties ; but with regard to the 
precise number, naturalists have differed materially." 

Cuvier admitted but three varieties, the Caucasian, 
Negro, and Mongolian. The more commonly received 
classification, however, is that of Blumenbach, who makes 
five varieties, viz., the Caucasian, Ethiopian, Mongolian, 
American, and Malay. 
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420. Caucasian. — The chief characteriatio of the 
Caucasian variety is the fine form of the head, it being 
nearly oval, ae you view it from the front. It is also char- 
acterized by a great raago of variationB of the color both of 
the skin and the hair. There has been more of civilization 
and improTsmeut of every kind in this race than in any of 
the others. It is mentally superior to the other races. 
It is called Cancasiau from Mount Cancasua, from the 
vicinity of wliich, it is supposed, it originated. Even at the 
present day it is s^d that the characteristics of this race are 
most perfectly developed in the Georgians and Circassians, 
who live in the neighborhood of this range of mountains, 
and who are considered the handsomest people in the world. 

421. The Ethiopian Va'riety, — The organization 
has not the perfection and elegance which the Caucasian 
presents, and it shows an approximation to the higher 
orders of the inferior animals. The skull is small. The 
forehead is retreating, while the face below is projecting, 
the cheek bones being prominent, and the nose broad. The 
apparatus of the senses is thns fully developed, while the 
brain is less than in the Gancaeian. The hair is black, oily, 
and frizzled. It is commonly said to be woolly, but it is 
really not so. Dr. Carpenter says that " microscopic exam- 
ination clearly demonstrates that the hair of the negro has 
exactly the same structure with that of the European, and 
that it does not bear any resemblance to wool save in its 
crispiness and its tendency to cnrL" The skin is generally 
black ; bnt not so in all the race^ for the Caffirs and the 
Hottentots are yellow. 

422. Tlie Mongolian Variety. — The Chinese race 
forms the largest family and is characterized by prominent 
broad cheek bones, fiat square face, small oblique eyes, 
straight black hair, scanty beard, and olive skin. 

423. The American FaHe(y.— Characterized by 
high cheek bones, a narrow low forehead, features large and 
bold, except the eyes, which are deeply sunken in largo 
sockets, hair generally black, stiff and straight, and com- 
plexion varying from a crimson brown to a deep copper. 
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424. The Malay Variety.— This variety occupies 
the lalaudB south of Asia, in the Indian and FaciSo oceans, 
and haa not so well marked characteriBties as the other varie- 
ties. The complexion is brown, varying from a light tawny 
to almost black, the hair is black and thick, the forehead 
is low and roond, the nose is fnll and broad, the nostrils 
wide, and the mouth large. 

4ii5. JHfferences in Individuals, FamiUea 
and Nations— produced by Similar Ceruses. — 
The national differences are evidently produced by causes of 
very much the same character with those which produce 
differences in individuals and families. And the question 
arises whether such difEerencea b& those which BInmenbach 
describes as marking the races, are not produced in a similar 
manner. This question hae been much discussed, and there 
IB great difference of opinion in regard to it. The great 
majority of naturalists believe in the unity of the origin 
of the human race, and hold that ita varieties are the results 
of the various circumstances by which man has been sur- 
rounded. 

But some suppose that the different varieties come from 
separate pmrs created by God in different localities, and 
hold that the history in Genesia is a history of the origin 
of only one of the varieties of the race. Those who advo- 
cate this doctrine are few in number ; but it has acquired 
greater currency of late, because one of the moat eminent 
naturaUsts, Professor Agassiz, espoused it 

426. Views of I^rof. Ag€l8Sifi.—All animals, ho 
asserts, Uke plants, have particular localities, for which they 
are fitted, and to which they belong. The zoological prov- 
inces, as he terms them, are of unequal extent, some ani- 
mals having a wider range than others. From this general 
law of distribution, which he illustrates with many facts, he 
infers that the various animals on the face of the earth were 
not created in one part of the earth and distributed from 
this to other parts, but were created in the provinces to 
which they belong. 

This view of the subject forces itself upon the mind of 
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the naturalist;, as he observes the arrangement of the varions 
tribes of animals on the earth's giirface. And besides, 
there are apparently insurmountable difficulties iu the way 
of a diffusion of animals over the globe by means of migra- 
tion. For example, we can not conceive how the polar 
animals could have migrated over the warmer tracts of 
land, which they would have to cross according to this sup- 
position, for, with the greatest precantions, it is impossible 
now to keep them alive iu such circumstances. 

And farther, some animals of the same species, some- 
times presenting varieties and sometimes not, are found in 
different localities, which are so cut off from all communi- 
cation with each other that it is impossible that these 
animals could migrate from some one locality to all the 
rest " To assume," he remarks, " that the geographical 
distribntion of such animals, inhabiting zoological districts 
entirely disconnectfid from one another, is to be ascribed to 
physical causes, that these animals have been transported, 
and, espeoiatly, that the fishes which live in fresh water 
basins have been transported, from place to place — to sup- 
jtoee that perch, pickerel, trout, and so many other species 
found in almost every brook and every river in the tem- 
])eratfi zone, have been transported from one basin into 
another by freshets or by water-birds — is to assume very 
inadequate and accidental causes for general phenomena." 
Not only then were diflereot species of animals created 
originally in different localities, but it is also true, to a con- 
siderable extent, that animals of the same species occupy- 
ing different localities were created in those localities. 

All this he claims to be consistent with scripture, and 
with very good reason. The account of the preservation 
of animtds in the ark, interpreted according to the common 
license of language, indicates really only such a preserva- 
tion as would be necessary for the stocking of that part 
of the world where Noah and his family were, after the 
waters should subside. The number and the variety of 
the animals preserved for this purpose would of course 
be very great, and would, according to the common usage 

.ogic 



314 PHTBIOLOOT AND HYGIENE. 

of language in narration, be spoken of in the terms 
used in the Bible. This interpretation holds equally, 
whether the delnge be considered aa having been partial or 
nniversaL 

The case being thus qnite clearly made oat in relation to 
animals generally, he proceeds to trace an analogy between 
them and the races of man in this respect. He snpposes 
that there are certain zoological provinces for the different 
human races, as there are for the different species and 
varieties of animals ; and that these races were separately 
created in these provinces with organizations suited to their 
peculiar localities. While he allows that climate and other 
influences affect the wieties of the human race, he claims 
that they alone are not competent to produce them, and ho 
infers, therefore, that there mnst have been, as in the case of 
animals, different original creations in the different zoologi- 
cal districts. He accordingly claims that the history given 
in Genesis is a history of the origin of only one branch of 
the human family. He does not suppose that the different 



branches constitute different speci 
of one species.* 

He characterizes mankind as bei 



ies, but are made varieties 

ing every where essentially 
the same in mental character, and alike the accountable 
subjects of Gk>d's kingdom, notwithstanding their multiple 
origin. It is in this respect that he considers them as being 
of one brotherhood, and he looks npon the expression in 

* The difference between »pBeie» and varietie* Is this : The distinc- 
tion of ipeeki reatH upon tpeeifie chantcteristlcs, that can not lie 
diAnged bj those iuflnencea which tend to produce the diffirences that 
make varietk*. The characteristics of a spedee are oriffinal, while 
those of a variety are atqaired. " The term spedes," aajB Prichard, 
"iucludeB only Uie following conditioDB, namely, Beparate origin and 
distinctnesB of race, evinced by the constant transmission at sonu* 
dutracterietiG peculiarity of organization. A race of animals or of 
plants marked by any peculiarity which it has ever constantly dis- 
played, if termed a species ; and two races are conddered spedficaJly 
different, if they are distinguished from each other by some charac- 
teristic which the one cannot be supposed ta have acquired, or the 
other to have lost, throa^ any known operation of phy^cal caoaes." 
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the Bible, " made of one blood," as being entirely fig- 
urative, and as referring to " the bigher unity of man- 
kind, and not to their supposed connection by natural de- 
scent" 

We will not go into a thorongh discnssion of this qnes- 
tion, as it is not possible in the narrow limits of a chapter. 
Only a general Tiew of the chief facts and arguments that 
bear upon the point at issue will be presented. Let us look 
at this subject first in the light of physiology and natural 
history. 

The great majority of physiologists and naturalists, as 
has been remai'ked, have thus far been of the opinion 
that the human race came from one origin, and that the 
varieties of it have been produced by the various influences 
to which man has been subjected. These are commonly 
included in the general espression, climatic and other influ- 
ences. To be more particular, they are — climate, situation, 
food, clothing, customs, habits, state of civilization. 

Too great prominence has been undoubtedly given to the 
influence of climate. Lawrence very justly remarks in his 
general conclusions in regard to the production of the 
varieties in man and animals, " that of the circumstances 
which favor this disposition to the production of the varie- 
ties in the animal kingdom, the most powerful is the state 
of domegtication." This word, as he uses it, includes all 
those social influences, which as manifestly affect the ani- 
mals which man domesticates as they do man himself. 
The analogy between man and animals in relation to the 
results of the influences referred to, will be spoken of more 
particularly. 

That climatic and other influences do have a very great 
agency in producing the varieties, both individual and gen- 
eral, that we see on looking over the human family, no one 
doubts. The only question is, whether they have produced 
all these differences — whether, for example, they have 
occasioned that very wide difEerence that we see between 
the Caucasian and the Ethiopian. These limits will not 
allow us to go into a fnll examination of the influence of 
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these causes, and only s few points vill be noticed in a 
very general way. 

427. Color Affected by CMwwrie.— That climate 
has a great influence apon the color of the race ie proved 
by many clearly observed facts. Tropical heat always has 
a tendency to prodnce a black skin. This is shown very de- 
cidedly in the case of the Jews, who have preserved their 
characteristic features amid varieties of climate, and yet 
have their color altered. 

Thns, while the Jew of the interior of Europe has a fair 
complexion and light hair, under the scorching enn of 
India his hair is crisped, and his skin is black. The evi- 
dence of the influence of climate is the stronger in this 
case, becanse the change from the original color has been 
twofold. For the original Jew in Palestine had undoubt- 
edly a dusky skin and dark hair, upon which the temperate 
climate of the interior of Europe and the tropical climate 
of India have produced two opposite effects. 

438. Circumstances Affecting the Form, — 
Bnt in the varieties of the human race there are differences 
of form as well as of color. That the various influences to 
which man is snbjected have s marked effect upon bis 
physical form is universally acknowledged. We see this 
alike in individuals, families, and oationa Intfillectual and 
moral influences manifestly have some agency in moulding 
the shape of the head in the individual. The differences 
which we so commonly see in the shape of the head between 
the intellectual and the ignorant, are not owing id together 
to original difference of capacity, bnt in part to education. 

The brain, like all other organs in the body, is influenced 
in its development by the degree of activity to which it is 
stimulatfid. It is not made an exception to this general law 
• of development. Accordingly we find that depressing in- 
fluences tend to make the top of the head, the cerebral 
part, small, and the forehead retreating, while the face, 
from the predominance of the sensual over the intellectual, 
is rendered relatively too prominent. The tendency of 
elevating influences is of an opposite character. And 
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such influences, thna operating in the individoal, vhen 
repeated and accumulated from generation to generation, 
produce great and lasting results. It is thus that a race 
becomes either degraded or elevated. B; a continuance and 
accumulation of luflnenoes it acquires either a good or a 
bad fixed character. 

One class of causes effecting changes in the physical 
form has been mentioned, the influence of which is maui- 
feat. But there are changes seen, the causes of which we 
cannot clearly make out ; and yet we know that they are 
occasioned by the varying clrcumetances in which man is 
placed. By the compound influence of mauy canses com- 
bined we continually see introduced differences in the 
shapes of various parts of the body. Family and national 
peculiarities are thus occasioned. The influences to which 
we have thus referred, some of which are little understood, - 
are all those which Mr. Lawrence includes in the term 
domestication, which, as before said, he applies to man as 
well aa to animals. 

429. Marked Tendencies to Three Different 
, JVw-ms of the Sead. — Dr. Prichard has pointed out 
three different types of form in the head, occasioned by three 
distinct classes of inflnences. One he tfirma the prognathous 
■ (a word derived from two Greek words meaning be/ore and 
the jaw), in which the jaws project very prominently for- 
ward. This formation is characterized by the predomi- 
nance of the sensual over the intellectual, the apparatus of 
the senses being largely developed, while the cerebrum is 
small, making the forehead retreating. 

The tendency to assume this type is always in proportion 
to the action of the degrading influencea " Want, squalor, 
and ignorance," says Carpenter, " have a special tendency 
to induce the diminution of the cranial portion of the 
skull, and that increase of the facial, which characterize 
the prognathous type." It is seen most strongly marked 
in the negroes of the Gold Cggat. 

■ In the pyramidal type, as it is termed, the cheek bones 
are very broad, and the bones above are so shaped as to 
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give the top of the head a sort of pyramidal form. This 
type we aee in those tribes that lead a wandering life — the 
nomadic races, as they are called. 

The oval or elliptical form, which ia seen so well marked 
in the Canoasiaa variety, is manifestly the resnlt of eleva- 
ting influences. These types are convertible into each 
other. Thus, the oval may be degraded into the prog- 
nathons, or the prognathous may be elevated into the oval. 
The latter change is seen in tike Ethiopian, when in suc- 
cessive generations he is subjected to elevating inflnences, 
in his intercourse with the Cancasian. And it is interest- 
ing to observe that the form of the head is more readily 
changed than the color. 

"Thus," says Carpenter, "in some of the older West 
Indian colonies, it ia not nnconunon to meet with negroes, 
the descendants of those first introduced there, who ex- 
hibit a very European physiognomy ; and it has even beeu 
asserted that a negro belonging to the Dutch portion of 
Guinea may be distinguished from another belonging to 
the British settlements, by the similarity of the features 
and expression in each to those which peculiarly charac- 
terized his master's. The effect conld not have been pro- 
du<«d by the mixture of bloods, since this would be made 
apparent by alteration of color." In the same way is the 
pyramidal type convertible with the others. The pyramidal 
aud the prognathous are often mingled together, by the 
influence of vagabond habits and degrading causes. 

430. Insensible Gradations in Diversity. — 
The view thus given of the operation of influences in pro- 
dnciog the varieties of mankind is strengthened by the 
fact l^at, as Humboldt says in his Cosmos, there are 
"many intermediate gradations in the color of the skin 
and in the form of the sknlL" If we look alone at the 
extremes in varieties of color aaxA form, we are of course 
disposed to regard such great differences as marking a dis- 
tinction of species. But when we see these varieties pass- 
ing into each other by such insensible gradations, and at 
the same time observe the manifest influence of causes 
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upon these gradationg, as in the cases referred to in the hist 
paragraph, the evidence is clear to us that the varied influ- 
ences brought to bear upon man are competent to produce 
the varieties of the raca 

431. Fixedness of the Varieties.— Bui it is 
objected that, although climatio and other influences have 
a great effect, yet, so &r as we can see, they only produce 
changes that approximate to those differences that mark 
the grand divisions of the race. They cannot, for example, 
be shovn, from actual observation, to have effected the 
entire change in any length of time of any portion of the 
Caucasian race into the Ethiopian, and, on the other hand, 
of the Ethiopian into the Oaucasian. It ia objected, farther, 
that the peculiarities of the principal varieties of man 
existed in the early history of the rac& This appears in 
relation to the Ethiopian variety in the figures found on 
Egyptian mouumente. These show that the peculiarities 
of the negro race were as strongly marked neu'ly 5,000 
years ago as they are now. This fixedness of character 
under such a variety of influences continued so long, it is 
claimed, indicates that the pecuharities were original, and 
not acquired. 

In reply to both of these objections, yonr attention is 
called to a-general fact, which is deemed very significant in 
its bearing upon the great point at issue. It is the fact 
that when a variety is formed by any. influences, either 
among plants or animals, it is apt to remain in spite of 
apposing influences. It seems to be easier by far to produce 
a variety, than to bring it back to the character of the 
original from which it came. 

432. Influence of Itomestication both in 
Man and in Animals. — Domestication has been 
continually producing varieties in the animals that man 
has so largely appropriated to his service, and the varieties 
once produced commonly remain. And the same thing is 
seen in the varieties resulting so continually in the human 
race from the same class of infiaences. It is matter of 
common observation that family and national peculiarities 
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are apt to be perpetuated. And it is aot merely from a * 
continnanoe of the causes from which they result, for they 
are apt to remain even when strong counteracting influ- 
ences are brought to bear upon them. 

Now the causes which tend to produce varieties in the 
human race acted of course at the first, and during the 
first ages of the race were competent to produce the most 
prominent varieties. And the tendency to fixednees, which 
we see exemplified in so many ways in the varieties of both 
plants and animals, is sufficient to acconnt for the per- 
petuation of such marked characteristics as those of the 
Ethiopian ani the Caucasian. 

The analogy then which ia thus observed between man 
and the domesticated animals ia a much clearer and 
stronger one than that which Professor Agaaaiz haa at- 
tempted to make out between man and animals gener^ly 
in regard to zoological districts. And the inference is a 
legitimate one, that the same infiuences that we see pro- 
duce varieties in domestiGated animals, are competent to 
produce the varieties in the human race, which are even 
less marked than some of those which we see in animalB. 
Varieties are produced more readily and in greater numbers 
in animals than in man, probably because tbey have less 
power of resisting influences that act upon them. - The varie- 
ties of some of the domesticated animals are very numerous. 

The analogy di;^wn between man and animals in regard 
to zoological districts is weakened by the consideration 
that there was no necessity for man's being created in dif- 
ferent localities, because be can migrate so easily from one 
country to another. The necessity existed in regard to 
plante and animals, but not to the same extent in all. Mi- 
gration is easier in the case of some than in the case of 
others. And this difference seems to have been acted npon 
by the Creator. 

Accordingly, the evidence is quite conclnsive, that those 
animals which have been so universally appropriated by 
man to his service, have been diffused from central points 
and have gone with man, instead of being created in many 
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localities. This being the case, it is hardly to be sapposed 
that man, who is capable, through his ingenuity, and skill, 
and daring, of going every where, would be unnecessarily 
created in diGterent pairs at different points on the earth's 



433. New Causes OccasionaUp Introduced 

by the CVeafor.^But suppose that, in view of all the 
evidence, we should come to the conclusion that the clim^ 
tic and other influences are not the sole causes of the differ- 
ences in the races, are we of course driven to the admission 
that, as Agassiz and others teach, there must have been cre- 
ated at the first, several, we know not how many, different 
pairs in different localities ? By no means. We are not to 
forget that the Creator, besides using influences of which 
we have no knowledge (which he is continually doing), can 
effect new combinations of the causes already existing, or 
introduce into operation entirely new causes. That he is 
from time to time evolving new results in one or the 
other of these ways, or both of them, is manifest. 

The very common notion, that at the creation all the 
causes which have produced all the phenomena that have 
been observed to the present time were then set in opera- 
tion, and have been left to work out their resnlts, seems to 
be contradicted by many facts. Most of the causes then set 
in operation, it is true, have been at work ever since. 
Unless this were so, nature would not exhibit the regularity 
which it now does, and calculatiohs conld not be made with 
such definiteneas as to its processes from knowledge gained 
by experience. But changes and irregularities sometimes 
occur which must have been the result of new causes. A 
few examples only will be given. ' 

The age of man before the Sood was much greater than 
it has been since, A change was effected at that period. 
It was not a mere arbitrary change, but such a change in 
the very character of the human system, that its capability 
of resisting the tendency to decline was greatly reduced in 
the period of its continuanca It was not a change result- 
ing from the influenco of deteriorating caases, for in that 
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cose it vould have been less suddenly induced. To effect 
this chaoge some new canses must clearly have been 
brought to bear upon the system, making it in the post- 
diluvian a different system in some important respects from 
what it was in the ante-dilnvlan. 

Take a fact of a different kind, indicating a similar change 
of agency. New diseases from time to time appear. This 
could not occur without either entirely new causes, or new 
combinations of elements heretofore existing. That very 
de6nitely marked disease, the small-pox, we have the best 
of evidence, was not known to the ancients, but is compar- 
atively a modem disease. It is impossible to conceive of its 
being introduced without some new cause of a very definite 
character. 

Take now another fact of a widely different kind from 
either of those noticed. The earth is marked all over with 
signs of great convulsions that have occurred since its 
creation. It has been supposed till recently that these 
signs all refer to that great event described in the Bible, 
the Deluge of Noah ; but geological researches have demon- 
strated pretty clearly that they point in part at least to 
other previous convulsions. Now these convulsions are not 
to be reckoned as a part of the regular order of nature. . 
They could not have resulted from the ordinary causes that 
act continuously. New causes must have been introduced 
at the time, to produce these unwonted results. 

It matters not to the argument above indicated, whether 
the new results that are occasionally developed, come from 
a direct agency at the time, or come from a chain of causes 
set in operation a long time before. The results are new 
results, and come from causes or combinations of causes 
which differ from those that have produced the ordinary 
and regular results which we witness from day to day or 
from year to year. 

Now in like manner can we suppose, if it be necessary, 
that the Creator produced the varieties of the human race 
by adding other and new causes to the ordinary indnences 
to which man is subjected. This is a much more probable 
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Bupposition than that of the advocates of the multiple origin 
of the race. 

For besides accounting satisfactorily for the facts, and at 
the same time being consiBtent with the record in Genesis, 
it is more clearly snppori^d by analogical facts than the 
supposition (for it is mere snpposition) that the human 
race was created in different localities. And farther, this 
supposition avoids difficulties which attend the other. For, 
if we suppose that the race came from different pairs, it 
would be difficult to decide how many pairs there were. 
Such are the Tariationa of the race in different localities that 
there would be much disagreement as to the number of the 
representative pairs, and their distinguishing characteristics. 

But it may perhaps be said in objection, that we are sup- 
posing a miraculous interposition. Whether it may rightly 
be termed such will not be considered ; but it is just such 
an interposition, or rather, direct f^ency, as is affirmed by 
the advocates of a multiple creation, differing from it oalg 
in the time of its occurrence. 

They suppose the direct agency of God to bo put forth 
in creation at different points, whether at different times 
they do not say, and this is really quite immaterial ; and vo 
suppose the same direct agency to be put forth, but in a 
less marked manner, to produce a change in what has 
been ab*eady created. In supposing the direct agency of 
the Deity at all, we go beyond mere physics ; and he surely 
has the power to put forth this agency at such times as he 
pleases.* 

* There leems to be In the minda of mme natamllsta a great lelne- 
tuice h) admit at all the direct agen<7 of the Creator, whether H be 
exerted in coneonance with the order of nature which he lias estab- 
lished, or miracnloiul; in opposition to it And thej would smile 
skeptically at what thev woald deem tbe implicit; or BaperBtition of 
Hugh Miller, in referring srane narrow escapee which he has had, in 
pursuing his geolo^cal researches, to a particular Providence. The 
relation of the ageooy of the great Blret Caose to second causea, it Is 
tme, is a mysteiiODB subject ; but it Implies no disposition to fathom 
what is Dufothomable if we assert that the fads are far from warrant- 
ing ns in the belief that this agency has not been exerted since the 
t)eriod of ihe creation, but confined itself to that time. , 
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But the Bupposifcion made above is not needed. The 
regular, continnous, natural causes, which have ever op- 
erated upon man, have been competent to produce all the va- 
rieties of the race. And this supposition waa only suggested 
as a consideration for those who fail to see that these causes 
have been thus competent; it is a more probable supposi- 
tion than the one offered by Agasaiz and others to meet 
the difficulty in the minds of such persons. 

434. The Testimony of the Bible to be Re- 
ceived 08 Evidence. — Thus far this subject has been 
treated chiefly aa one of iiatnral history and physiology. 
But is the testimony of the Bible not U> be received as a 
part of the evidence P Is the question to be decided wholly 
on considerations and facts drawn from natural history and 
physiology ? This seems to be the view of. some naturalists, 
though the great majority of them are disposed to admit 
the statementH of Scripture aa evidence. 

It is trae that the Bible does not purport to be a philo- 
sophical book. Its language is based on the principles of 
common and not scientific usage, and is so to be interpreted. 
And it should be thus interpreted in relation to the subject 
before us. Its statements on this subject are of the most 
exphcit character. It purports to give an account of the 
origin of the race, and portions of its history. It ascribes 
the corrupt character of the race to a fallen parentage. 
This connection of the general corruption of the race with 
the fall of its original pair, however divines and philoso- 
phers may differ iu accounting for it, is recognized as a fact 
throughout the whole book of revelation. The testimony 
is definite, and is not to be mistaken. 

The question is, whether it be valid testimony. And if 
the Scriptural record be established, as it is abundantly, by 
both internal and coincident evidence, its testimony in 
regard to the origin of the race is to be received by scien- 
tific men. It can not be set aside by any mere presump- 
tive and analogical eridence drawn from physiology and 
natural history. If actual facts he proved inconsistent with 
the Mosaic history, as. properly interpreted, they will of 
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course bring discredit upon that history. No immuTiity 
against a strict investigation is to be claimed for the Bible. 
But there is no fear of such an issue ; and it is to be 
remembered that mere analogies are not facts, and are not to 
be deemed as having much force, especially when there is a 
question in regard to their value in comparison with other 
analogies that point to au opposite couolnsiou. 



CHAPTER XX. 

LIFE AND DEATH, 

4S5. Life, thougfi Various in its Manifes- 
tations, in some Senses always the Same- — Life 
is very commonly spoken of as being one thing, although 
its manifestations are exceedingly various in their charac* 
ter. In the simplest growths that we see, both in the 
vegetable and in the animal kingdoms, the operations of 
life are in some respects very different from the compHeated 
processes that we witness in the human' structure, which 
has been the subject of your study in this book. And yet, 
as you have seen in the Chapter on Cell-Life, life in these 
apparently opposite cases is essentially the same. It is the 
same in its origin. It begins always in a single cell, 
whether the living being is to be great or small, simple 
or complex, a plant or an animal, a creature of a day, or 
a being destined to immortality. 

Why it is that from a simple cell the vital force, ae it is 
termed, can evolve such a range of diversified results as we 
see in all animated nature, is one of the great mysteries of 
the Creator. As we see in the springtime a bud upon a 
tree unfold itself gradually, and develop to us suGceseively 
leaves and flowers and fruit, it fills us with wonder when 
we reflect bow much has come from that little bud ; bnt 
when we go farther, and think of the whole tree as having 
come from a single cell, so small that it can be seen only 
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by the microscope, the mystery appears passing Tonderfnl. 
Aod it is a still greater mystery, when a complicated ani- 
mal organization is looked at as having been developed by 
the vital force, alike with all other living things, through 
a single cell as iia origin. 

Not only is life always the same in its origin, hut it con- 
tinues essentially the same in its proceeaes. All the various 
forms which it produces, both in the vegetable and in the 
animal worid, are built and kept in repair by cells. All the 
functions, too, are carried on through the same agency. 
The secretions and excretions are effected by constant suc- 
cessive creations of numberless cells. Even the intellectual 
operations in the mind of man are dependent upon cells 
so long as the mind is connected with the body. In think- 
ing, as well as in muscular motion, cells are worn out, and . 
must be replaced by other cells, which are continually sup- 
plied by the vital force. 

436. Difference between the Vital Force, and 
Seat, JJlght, and Electricity. — Life being thus 
wonderful in its operations, the inquiry arises, what can 
this mysterious agent be? With curious eye we watch its 
workings, but although we can learn some of its laws, ita 
nature eludes our search. Then pressing the microscope 
into our serrice, we trace it back to its hiding-place in a 
minute round cell containing a fluid ; but simple as thia 
prison is in which it is confined, it ia more of a mystery 
than ever. The vital force, which begins here, and, enlarge 
ing more and more the sphere of its operations, develops 
gradually the simple or the complicated living form, as the 
case may be, has been classed by some with other forves, 
the nature of which we do not understfmd, as heat, light, 
and electricity. But it differs from them entirely in some 
important points. While they act in connection with mat- 
ter generally, both organized and unorganized, vital force 
is seen acting only in organized substances. WJiile they 
diffuse themselves through all kinds of matter with more 
or less rapidity, the vital force has no power of diffusion, 
but is confined within certain limits. These limit« differ 
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in the difierent living substancea. Tbe vital force has the 
power of appropriating matt«r to itself within these limits. 
It does this by assimilatioiL It has then the power of exten- 
sion to a limited degree ; while the other forces mentioned 
have the power of diffueion, in some reBpecta limitless. 

Another difference is this. While these forces, light, 
heat, and electricity, are lessened in power by being dif- 
fused, vital force is not lessened by extension. Heat, for 
example, if diffused is lessened at the point of its diffusion; 
but life is as energetic at its starting-point after its exten- 
sion aa before, and even more so. It is, so to speak, self- 
generating, while the other forces are mere products. The 
vital force stands pecnliarly alone in this respect. The 
effects, too, which this force produces, as it lays common 
matter nuder contribution, and fashions it in such diversi- 
fied forms, have an infinitely wider range of variety than 
the effects of tbe other forces. 

437, JAfe in Blood. — We can thus trace tbe diSer- 
ences between the vital force or principle and other force% 
but we can not, as before said, discern its nature. We know 
not whether it be one thing. It is convenient to speak of 
it as being so. But we know not but that it may be a 
compound of endowments, or tendencies imparted to mat- 
ter, and varying with the various forms of living substances. ' 
Some have supposed that the vital principle resides chiefly 
in the blood, and that this is the meaning of the passage 
in the Bible, " the life of the flesh is the blood." That the 
blood has some vital properties is certainly tma These 
properties are communicated to it as it is made from the 
food, and flt it to be the material for the construction and 
repair of tbe organization. And it is simply the fact, that 
the blood is the common material out of which all the diversi- 
fied parts of the living structure are made, that is recog- 
nized in the langnage of Scripture on this subject. Tbe 
same fact is embodied in another form in the remark of 
the French physiologist, that the blood is chair coulante, or 
running flesh. 

438.— Vital Laws Control the Chemical and 
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Mechanical. — When the vital force ftppropriatea to 
itself common matter in assimilation, it takes it away in 
part from the operation of certain forces which have had 
entire control over it. As long as it ie common dead mat- 
ter, it is wholly subject to the laws of mechanics, and of 
chemical action. Bat when it becomes organized living 
matter, the laws of life take poBseasion of it 

The laws of chemistry and mechanics are not, it is tme, 
annulled in relation to it. They still exert their indnence, 
but under the control of vital lawa The force of gravity 
acts continually upon the body; bat the living muscles are 
much of the time acting in direct opposition to it. The 
blood oiroiilat«B on hydraulic principles ; but the vital 
force fnndshes the motive power, and keeps the blood 
from becoming solid and stopping np its channels. Chemi- 
cal changes are going on in the stomach, the longs, and 
at every point in- the capilliuy circulation; bnt they are 
modified, controlled, by the vit^ principle, and are properly 
termed chemico-vital processes. 

The human body is made of materials that are exceed- 
ingly prone to chemical decomposition, and the degree of 
heat which is maintuned is such as to favor this result ; 
but the vital force not only holds the chemistry of the 
system in abeyance, but even presses it into its service. 
When life is destroyed, the laws of chemistry assume their 
full sway, and the process of decay begins. 

The very agencies which served, while under the control 
of the vital principle, to maintain the living organization, 
now acting alone, run not, and work its destruction. Thus, 
that powerful agent, heat, existing in the body at the point 
of 98°, is necessary to the carrying on of the processes of 
life ; bat let life be destroyed, and the maintenance of this 
degree of heat would ensure a very rapid putrefaction. So, 
too, a degree of heat which would rapidly putrefy a dead 
egg by quickening the chemical changes, would actively 
stimulate in a living egg those curious vital processes that 
produce at length the bird. During incubation the egg of 
the hen is kept for three weeks at a heat of 106°, and yet 
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when the chicken is hatched all of the ;olk that is left m 
nnchanged. A dead egg would soon putrefy under such a 
temperature. 

439. Change always attends lAfe in Action. 
— The -vital force exhibits its controlling power in an 
extraordinary manner in connection with that great force of 
nature to which reference has just been nLa4e. Heat ia 
very diffusive, and is exceedingly liable to change from 
varying circumstances. , And yet the vital force maintuns 
the heat of the body qnite uniformly at one point, although 
the agencies which tend to vary it are very numerous and 
effective. The production of heat in the system is a 
chemical operation, but the vital principle regulates the 
quantity in the body very accurately, by providing for its 
escape in various ways, and perhaps by curt^ling in some 
measure its production. 

Continual changes are effected by the vital force in every 
part of the body. In one sense death may be said to be 
taking place constantly, while life is as constantly gener- 
ated, as the useless particles are separated and taken away, 
and the new ones are deposited in ^eir place. While these 
changes are going on the vital force so operates as to main- 
tain the peculiar shape and plan of every part, even during 
its growth. And as we look abroad over all the diversified 
forms of animated nature, the accuracy with which this 
force works in the prescribed monld of each is very won- 
derful 

440. lAfe Sometimes Jtorman*.— While the 
vital force is in action there is constant change ; but some- 
times it is dormant. A seed in its quiescent state has life 
in it, ready to be waked into action by the proper excitants, 
air, warmth, and moisture. Seeds that were found in the 
excavations of Pompeii have shown that they retained 
their life during all this time, by shooting forth their 
germs as soon aa they were exposed to these natural exoi- 
tanta of their growth. 

Que of the most interesting eases of this kind ia related 
by Dr. Lindley. " I have now before me," he says^ "three 
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plants of Raspberries, which have been raised in the gar- 
dens of the Horticultural Society, from seeds taken from 
the stomach of a man whose skeleton was found thirty 
feet below the surface of the earth, at the bottom of a 
burrow which was opened near Dorchester. He had been 
buried with some coin of the Emperor Hadrian, and it ia 
probable, therefore, that the seeds were Bixteen or eeventeen 
hundred yearsold." 

A similar dormant condition of. the vital force exists in a 
greater or less degree in the state of bibematiOD. So, also, 
in cold climates, life is throughout almost the whole vege* 
table world dormant daring <£e period of winter, to wake 
to greater energy tnra the stimulating warmth of spring. 
In the human body, with the exception of some few very 
rare cases, life is always in an active state. Some portions, 
however, of the system are a part of the time dormant for 
the purpose of rest and repair. 

The brain and the muscles deep ; but during their sleep 
life is busy in the formative vessels, repairing their energies, 
and we may say, their textures also, which have been wasted 
by their labor. It is a very wonderful attribute of the vital 
force that it can, as in the case of the hibernating warm- 
blooded animals, stop all its active operations, without dam- 
age to the machinery of life, and with suoh fecility resign 
itself to a state of temporary inactivity, 

441. Mysterious Connection oflAfe with the 
Soul. — The most mysterious of all the circumstances in 
regard to the vital force ie its connection in man with the 
immortal souL The life and the soul are so intimately con- 
nected that some have considered them to be the same. 
But they are two distinct forces. They are in some measure 
indeed antagonistic to each other. For the soul, iti using 
the machinery of the nerves and muscles, occasions a wear 
and tear of the structure, which it is the office of life with 
its numbcrleBS cell-laboratories to repair. 

The Bool and the vital principle are both present in all 
parte of the system, but not in the same sense. The vital 
principle isseea equally at work every where. It has no great 
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central organ from vhich it sends forth its inflneQce. Bat 
the soul is especially connected with tbe brain, and by means 
of the complicated nervous connections of this organ, it 
aflecte and is affected by all parts of the system. Its influ- 
ence is tbns an all-pervading one. Every point of tbe 
living organization has thus a sort of telegraphic communi- 
cation with the immaterial soul. 

Bat there is another view of this connection of tbe soul 
and tbe vital principle. The soul is developed in and with 
the living structure. It is not created by itself and put 
into tbe body as a tenant. Its powers are developed while 
the vital force develops tbe powers of the physical organiza- 
tion. The two processes go on together. "Say more, the 
development of the soul is in a measure dependent upon the 
development of tbe body. The vital force exerts a manifest 
influence upon the sonl's growth. As it prepares the organs 
for the use of the soul — those organs by which it acquires 
knowledge from without, and thus procures the stimulus 
and even the material for its growth — whenever the vital 
force fiiils to construct these organs properly, tbe powers 
of the soul are not well developed. This we see exemplified 
in tbe idiot 

In this intimate connection of tbe soul with life we find 
a great mystery. Life, a force belonging to mere matter, 
an endowment of it, or a compound of its endowments — life, 
that builds up all organized substuices, tbe humblest and 
simplest v^i^table growth as well as that most complex of 
all living structures, niMi — life, that so soon perishes iu the 
noblest of its works that it is likened to the dissolving vapor 
— is made by tbe Creator an agent in developing an imma- 
terial principle or being, that is to survive the dissolution 
of the structure in which it is generated, and is to hve for- 
ever. Strange that the immortal should be thus produced 
in the mortal — ^that the unchangeable and imperishable soul 
shonld be thus developed in such intimate connection with 
tbe changeable and perishable body. It is a myst£ry which 
we can not &thom. 

442. Natural Idmdts ofXdfe Decay.— The ^iai 
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force, that ie ao busy in bnilding auA repairing ao long as it 
lasts, has in all cases its natural limit ; and in the case of the 
hnman system it seldom fully reaches this limit. The diver- 
sitied, and complicated, and beautiful etructurea which it 
evolves, if saved from accident till the natural period of de- 
cline comes, lose their vigor and beaut;, and at length die 
and are given up to the action of the common laws of obem- 
iatry, which the vital force has so long resisted and con- 
trolled. The structures then decay, and the particles are 
dissipated, perhaps to be united again to other structures. 

443, Systemie and Molecular Death.— The 
death of the body is not ordinarily complete at the moment 
when what we term death occurs. Though as a whole, as a 
system of organs, the operations of life are at an end, yet there 
J8 some degree of life in some parts, and there may be in all 
parta of the body. The beard and nails even, may grow. 
Some of the organs may secrete their fluids — the liver its 
bile, and the stomach its gastric juice. Some of the properties 
of life, too manifestly, still remain. The irritability of the 
mnsclea, which is strictly a vital property', aa it never belonga 
to common dead matter, still appears on the application of 
excitants. It was the contraction of the muscles in the leg 
of 8 dead &og on the accidental application of a stimulus, 
that led Galvani to his grand discovery. And it is through 
this vital property that the culprit who has been hung can 
be galvanized into apparent life. 

Death, then, may be said to be of two kinds — systemic, 
that is, the death of the body as a whole, a system of organs 
— and molecular, that is, the death of the individual mole- 
cules or particles which compose the body. Death can be 
said to be complete only when the laws of life have resigned 
their power over these molecules, aud the laws of purely 
chemical action have taken their place. When this chauge 
occurs, the process of decay, which is strictly a chemical 
process, begins. 

444. Death beginning in the Heart and in 
the Lunffs. — If a large quantity of blood be lost, so large 
as to result fatally, death in l^ia case obviously begins in the 
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circulation. The heart not being supplied with the quantity 
of blood that nsually Eows through it, becomes more and 
more feeble in its action, till it at length ceases to beat 
When a large aneurism bui'sts, it is the sudden drain from 
the circulation that destroys life. 

Any thing which to any great extent prevents the air 
from entering the lungs may cause death to begin in the 
respiratory system. This may be done by three classes of 
canses. 1st. Causes that act upon the large air-passages. 
Examples of this class of causes are strangling, smothering, 
drowning, &c In cronp the principal canse 0/ death is 
the prevention of the free passage of air through the wind- 
pipe into the lungs. 

Sd. Causes which act upon the w^ls of the chest. If a 
bank of earth ^1 upon a man, though it leave his head 
clear, so that the air-passages are unobstructed, he can not 
breathe, because his chest is held as if in a vise. A man 
came near dying from this cause who was having a caat 
taken of the upper part of his body. If the muecles of res- 
piration were to be pardyzed, death would ensue, just as it 
does when they are prevented from acting by other causes. 

3d. Canses acting upon the lungs. Disease may occasion 
an amount of obstruction in the very substance of the lungs 
sufficient to cause death. It does so by preventing the in- 
troduction of the air into the minute air-veesels, where the 
air revivifies the hlood. The obstruction is just as effectual 
in this case ae it is where it occurs in the large air-pass^ea. 

44:5. Death beginning in the Servous Sys- 
tem. — When death occurs from a blow upon the bead as the 
immediate result of the shock, we have an example of death 
beginning in the nervous system. But the cause may act 
upon this system in some other quarter. A blow at the pit 
of the stomach, for example, may so shock the whole ner- 
vous system as to stop at once the operations of life. Some 
poisons, too, as opium, destroy life by their influence upon 
this system. Very extensive bums give a shock to the 
nerves from which they do not rally. The same can be 
said of other injuries when there is no recovery from the 
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first shock. Powerful medioines, improperly given in cases 
of disease disposed to prostration, may depress the nerrons 
system to a point from which it may never revive. Gold 
destroys life mostly by the benambing, paralyzing influence 
which it exerts upon the nerves. 

TboQgh we thns classify the modes of death, in the great 
majority of cases death is a complex event, resalting from 
a concurrence of causes. It is so even when the disease is 
not of a comphcated character. Take, for example, a case 
of pure uncomplicated consamption, in which all the organs 
but the lungs are in a healthy state to the end. The whole 
system becomes at length exhausted by the disease. If this 
exhaustion alone he the cause of death, then we may say 
that it is an example of death beginning in the nervons sys- 
tem. But if the obstruction in the hings to the admission of 
air in the air-cella be the cause, it is a case of death begin- 
ning in the respiratory Bystem. Generally in such cases 
death results from the two canses combined, and it is often 
difficult to determine which is the more prominent cause. 

'446, The Signs of Heath. — The signs of death are 
so clear that there is, with very few exceptions, no mistake 
in regard to the occurrence of the event The stories that 
are related about burying alive are most of them unfounded. 
The apprehensions created by them in the minds of some 
persons have led them to insist that no body ought to be 
committed to the grave till the moat infallible sign of death, 
putrefactioii, has appeared. We should wwt for the appear- 
ance of this sign in all cases in which there is a shadow of 
doubt. But the cases are exceedingly rare in which we 
cannot determine the reality of death long before this sign 
shows itself. Onr decision is not made up, it must be ob- 
served, merely from the signs of death. 

All the circumstances of the case are taken into view — 
the disease, its progress, its symptoms, and the events of the 
last hours of the patient. With this evidence before us, 
we absolutely know, in all ordinary cases, that death has 
occurred when the respiration and the circulation have 
ceased. And in the exceedingly few cases in which there is 
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any reason to doubt on that point, there is always eome- 
thing which will attract the attention and excite the curi- 
osity of some one, unless there be stolid indifference and 
the most absolute lack of intelligence. 

In such cases there is always eomething strange — the cir- 
cnmstancea attending the cessation of the respiration and 
circnlation are singula, and the signs of death are not 
complete and in their proper order of succession. When- 
ever there is for, these reasons any donbt aa to the reality 
of the apparent death, the strictest watch should be main- 
tained till the signs of commencing putrefaction appear. 
With this simple rule of prevention burying alive need 
never occur. 

The investigations of physiology, as you have seen, end 
with the death of the body. It can give us no light on the 
question as to what may be beyond this life. Although the 
physiologist studies the human structure not merely as an 
organization instinct with life, but also as the wonderful 
machinery through which a reasoning soul acts and is 
acted upon in this state of being, yet, aa a physiologist, he 
knows not that the soul survives the death of the body. 

He knows not but that it is a mere endowment of matter, 
as life probably is, and so perishes in the hour of dissolution. - 
He may indeed conjecture that the exalted faculties which 
are in this world susceptible of such high cultivation, in- 
stead of being destroyed with the body, are destined to still 
farther development in another state of existence. But 
what is mere conjecture to him as a Physiologist, is made 
fact to him as a Christian. The eye of his faith sees an 
immortal spirit rise from the dying body, and he realizes 
the truth of the sublime declaration, that death is swallowed 
np in victory. 
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CHAPTER I. 



1, In wh&t Teepect are a crTBtal luid & plant ali'ke T How do ih^ 
differ in the modes of their fommtioii I What difierent ofSces do ttin 
organs in a plant perform ? What is meant when we call the phiat 
an trrganitid subetance, and the crjetal an anorganieed eabatonce? Do 
the organs in the plant act wholly on mechanical priaciples ? 

a. Or on ehevticaif What prlnciplee control the mechanical and 
the chemical t What two classes are there of organized living beings? 
How do they dUter aa to the complex character of their organization T 
Under what two grand diviaons do 70a class all the suhsbinces of the 
material wotld t How do plants and animals differ from minerals as 
to the parts of which thej are composed t 

3. What is assimilation ? Explain it as it takes place :— First, ia 
the plant, and eecoudlj, in the animal. 

4. Bow do organized Eind oiiorgBnized snbstances differ as to per- 
manency 1 Point ont the mode and the extent of the change that 0CCUI8 
in the organized. Why is there more change in animals than in 
plants? How can minerals be changed ? Are they productive, as ani- 
mals and plants ore 1 

5. Contrast organized and unorganized substances in regard to 
change in the pheeomena that you see in the world around you. How 
do organized and anorganUed eubstances differ as to r^nlarity in 
formt 

G, What does irregularity in the unorganized arise AromT How 
does the law of regularity operate in organized subetances? In which 
is the regulari-ty the most wonderful, the organized or the unorgan- 
ized, and why t 

7. Give the four reasons assigned : — Ftert, as to change ; secondly, 
as to variety of form ; thirdly, as to its continuance from age to age ; 
and fourthly, as to its preservation in the midst of a certain range of 
irregnlarity. Exemplify the last point by reference to the human 
countenance. How is the law of regularity exemplified in the two 
halves of the body 1 Meuljon some organs which are destitute of this 
symmetry ; mention also some animals Uiat do not exhibit It, Wlutt 
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is the distmction betneeo organized and Tmorganized snbatajiceB as to 
limit of size ! 

S. How do organised and nnorg^anized BabetanceB differ be to th«r 
etroctnie! How do they differ tM to the number of elemenia of which 
thej an composed? What are the four priudpal elements of o^;au- 
ized bodies ? Which one of these is solid ? In what form are the other 
three ? How many elementary Bubetancea are there in the material 
world? How many of these are fonnd in plants and noimala? 



CHAPTER II. 

9. Point ont the di^rence between the plant and the animal as to 
locomotion. How does this diflference make it necesHary that the ani- 
mal should have a stomach 1 

10. Trace the analogy between the stomach in the animal and the 
TOOts in the plant. What is the difference between moat anlmalB and 
plants as to central organs? What Is their difference as to the efibct 
of matilatiOQ upon them? What is the distinction between animals 
and vegetables as to sensation and spontaneous motion ? Have all ani- 
mals consciousness and thought? Name some exceptions to the di»- 
tincdon as to locomotion. What is the difi^rence between the mo- 
tions of Bach plants as the sensitiye-plant and catoh-fly, and those of 

. animals? 

11. Make the comparison in relation to the hydra, which describe. 
What part of the structure of animals is peculiar to them. Has this 
structure ever been discovered in any plant ? Why ought we to be 
able to discover it in the sen^tive-plant and cat«h-fly, if it were the 
cause of their motions ? 

12. Ib the nervous system necessary to the carrying on of nntritioat 
What are the fanctions of w^anwlife? What of anjmiri Hfe ? What is 
the order of action in the nervous system ? In what reepect is this 
order not obaerved in some cases ! 

13. What is the distinction between animals and plants aa to their 
chemical compomtioQ ? In which Is carbon the characterlBtic element, 
and in which is it nitrogen ? From what organs In animals is carbon 
thrown offt In what organs in plants Is it aheorbed f 



CHAPTER III. 

13. How is man commonly classed in the animal kingdom? On 

what ground can the classification be claimed to be correct t Does this 

classification recognize at all the eaEontial distiuctions between nuw 

and other animals. , 
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li. What aie those diBtinetlons? What bearing haa nun's immoi^ 
talitj on this Bubject ? Is the difference between man and other ani- 
malalike ihat which we see between different animelB? 

IS. la it a mere difference of degree? What notJce ahotdd the 
natnraJiat take of the diSeienc« T What is the diatincUon made in tbe 
CHumon daeeiflcatiou between man and such animals as apes and 
monheTS ? Can these animals he properlj said to have fonr hands ? 
How do tlm hands which they are stud to have lesemble the hand of 
man, and hon do they diStr from it T 

IG. Stale some particulars in which the stroetore of man differs 
&om that of the inferior auimala. 

17. What relation have the peculiarities of man's o^anization to 
his mental pecntlarities ? Whj is it imporuint that the essential dis- 
tinctioDfl between man and animals should be prominent); taught T 



CHAPTBE IV. 

17- Of what two parta ia bone composed? What are tbe propor- 
tions of these parts in childhood — In adult age — and in old age f How 
can you obtain these parts separate from each other? 

18. What is the animal part of bone? What relation does thia 
sustain to the mineral part ! What is the arrangement of the two 
parts of bone in the very young child? What is true of the skeleton 
of many fishes t Of what are cartilages constituted ? What two dif- 
ferent porposes do the bones fulfil ? 

19. Id what two forms is bony substanoe deposited? How are 
these arranged in the flat hones t How iu the long ! How are both, 
lightness and strength secured iu a long bone— first, in the body of the 
hone, and then in its ends ? 

20. Why are the ends not made like the shaft t What is the mar- 
row of the iKine ? How is a bone nourished ? What is the peristeum f 
Do arteries enter the solid substance of the bone? Describe the man- 
ner in which circulation is carried on in every point, as shown by the 
microscope. What fluid drcnlates In the minate channels in bone, 
shown to us by tbe microscope ? 

21. What is Bidd of the senEdbllity of bone? 

22. Give a genera) description of tbe skeleton, noticing the variety 
of shape in the bones, and the purposes wideh they answer. How 
many bones are there in the head ? How many of these belong to the 
fiice t How many to the cranium ? Describe tbe latter, as represented 
In Fig. 6. 

25, Why is the t)ox (as the cranium may tie called) holding the 
br^n, composed erf so many bones? 

26. Describe the structure of the principal bones of the cranium' 



^7- How ue Um prindples seen in the aooBtntction of domee illos- 
bated in the crsDium ! Of what bones la the dome of the craninni 
made up ! Describe the different wbjb in which atreugth \b eec.ured 
around the base of thiB dome. 

28, Deecribe especially the Mrangement between the parietal and 
temporal bones. When violence la inflicted upon the h^, what ia 
the direct caose of the injarioas efiects felt by the brain! On what 
prindple do the guards of the brain defend against this caoBo of in' 
juryf 

Z9. Mention now in their older the difiereut textures tliningh 
which the vibration of a blow maat pass before it reaches the brain, 
ptdoting ont their a^ncy in lesHeniiig the vlbratioD. Wtiat arrange- 
ment is there of the lower part of the frontal bone as a epedal groard 
sgainat injnrj at that ptant T 

SO. How ia the ^e of the head, so pectJiarly exposed to Tiolence, 
especially guarded Y Wliat other organs, beade the brain, are pro- 
tected by the cranium t Describe the' arrangement of some of the 
bones of the fitce. 

31, Describe the cavities of the nostrils, and the ^nosefi connected 
with them. What ia the oldest of the great extent of surface in these 
cavities t Deecribe the lower jaw. 

Sa. How many distinct stmctoree are there In the teeth ? What 
is their arrangement 1 How does a tooth differ from a bone t 

33. What Is the reason for this diflferenoe ? What is the necessity 
for having a second set of teeth T Describe the hyoid bone, its poai- 
tion, and its eonnectiona. 

3^. Mention other bones which, like this, are not directly con- 
nected with the bones of the skeleton. Of how many bones Is the 
spinal column composed i Acting as the great pillar of the body, what 
does it support t What is the pedestal on which it stands, and in what 
manuer la this pedestal made firm T While this column is thus firm, 
it needs to be flexible — how is this accomplished ? Notice its differ- 
ent degrees of flexibility in different portions of it. Why is there ao 
little motion in that portion that supporta the iramewoTk of the 
chest t 

33. Besides serving as a firm pillar and a flexible chain, what other 
purpose does the spinal column fnlfil T Describe a vertebra. 

3G, By what are the vertebrte bound together J Deecribe the canal 
in this column for the spinal marrow. What is the arrangement for 
the nerves tliat pass from it 7 How are the cartilages arranged 1 

37, What two purposes do they sahserve t What is there in the 
shape of the spinal column that acts as a safeguard agaiiist ahocks to 
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the bnun t What ue now the three objects Becoied in the atmctiire 
of the Bpine! 

3S. Describe the contriTsncft at the top of It, aa TspTeseuted in 
I^gs. 14, IS and 16. Compare this with the moonting of a telescope. 
What is the dlflbteaee in the two cases? 

39. By what arrangement is the &eeneB8 of motion in the neck of 
birds made eoonstent with the secnritj of the spinal marrow t 

40. What is theie peculiar in the spinal colnmn of quadmpede? 
What is the paty-aaxg f How are the vertebne of fishes constructed 
and anangedt 

41. How is the great flexibility of the spine in KptUea Becoredf 
How Id the neck of the giraffe t 

43, Describe the airangemant of the bresHt-bone, the collar-bone, 
and the shoulder-blades. What is the use of the collar-bone, and what 
are its Tariatione in different animals t How doea the shoulder-blade 
dlfibr Itota all other bones in the body T 

44, Whj is the socket of the Hhoalder-joint so shallow t Desoribe 
the arrangement of the radius and ulna, and the manner in which 
such free and varied motion is given to the arm. Describe the three 
pans of the hand ? 

45, Describe the ligaments that bind the bones of the hand to- 



46. What la the principal ol^ect aimed at in the oonstmctjon of tbo 
lower extremity t What in the upper ! Describe the thigh-bone. 

^7. What is the patella T What purposes does it answer t What 
part of tlie foot is formed by the tartu* f What part by the metatar- 
sus f How many bones are there in the toes 1 How many in the 
whole foot ? What otject Is secured by having so many bones in the 
foot T Why is the foot arched ! 

48. Describe its movement in walking. With what are the ends 
of the bones tipped, and why? What is thearmngement of the mem- 
brane that lines the ends of the bones ? 

50. What contrivance is there in the knee-joint, and in the articu- 
lation of the lower jaw! 



CHAPTER V. 

50. Oive the summary in n^rd to the action of the muscles, and 
their nervous coonectlous. 

Bl. What are the tendons! What is said of the relation they 
hear to the muscles — their shape — their mode of union with moeclei 
and with boues — their strength — and their size ! 

&'^, How are the mnscleB and tendons arranged in reference to con- 
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Tenlence and beauty? IlluHtrSite bj the anu and tho hand. nioBtnte 
tbe appIicatioD of the fiist kind of lever in the action of mnacles. 

BS. So also of tbe eecoad kind. 

S4. And of the third kind. Wliich kind is moat frequently used in 
thebodj? 

SB. What two different objects are aimed at in the application of 
theeetwoleTerat Illuetrate by eiamplea of the second kind of lever, 

BG. IlIoHtrate the same by eiamplea of the third kind. What Is 
the difference between tbe motion of the forearm on the arm, and the 
moUonof the lower jaw, In the application of tbe priDciplee alladed bat 

57- Show bow qnicknees is secured at the sai^ce of power in the 
case of the bleeps muscle, as illnatratod in Fig. 33. Under what me- 
chanical disadvantage do most of tbe mnscles act, aa represented in 
F5g. M. 

S9. Show by this Sgnre bow quickness of movement is gained in 
this case. Why is the mnsde, tbe deltoid, wboee action is repremnted 
in this diagram, so largef 

CtO. How is tlie mechanical disadvantage, which thus results from 
tbe obliqne action of tbe muscles, in part obviated ! Illnfltrate by Figs. 
3S and 36. Describe the agency of the patella in this respect. 

61. To what extent is tbe pulley used In the arrangement of mus- 
cles? Show the application of the pulley, as seen In the ankle. 

ii2, DescribethepuUejarrangement of tbe diffiutrtc muscle. What 
is the necessity for such an arrangement t 

G3. What other office does this muscle perform, be«des drawing 
down tbe loner jaw, and how does it do it? Descritm the musclea that 
move the ball of the eye. 

6^. What is said of the actions of opponent muscles 1 

GB. Give some esampleeof tbe fanfc «ontra«tu)n of muscles. What 
is tbe cause of wty neck, and of squinlingt Illustrate the compound 
action of muscles by Fig. 33, How does variation in the degree of the 
oontractlon of muscles afffect the variety of motion T What organ 
pecnliarly exemplifles variety in muBcnlar action t 

tt6. Give a general description of tbe mnadee of the body as ei- 
hibited in Figs. 41 and 43. 

70. What other parts besides tbe bones are moved by mosdesT 
How are the muscles arranged in reference to convenience and sym- 
metryt Describe a peculiar arrangement of tendons and muscles in 
the sole of the fooL Descrilie tbe arrangement of tendons represented 
tnFig.43. 

7 J. DescrllM the operation of the toggle-joint. Give examples of 
tbe apjJication of this operation in the action of muscles. 

72, How many mosdes are there in tbe band and arm T What 
Is sud of the extent of the variety of their action t What is tbe mua- 
colar sense 1 niastrate the operation of It in various tnye. 
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74. By what alone aie tbooght and feeling expKesed 1 Bf v/hat 
mode of musculBT action aK thought ftud feeling mostly commuDi- 
catedt What lelation bu wilting to this mode of coramnnication ? 
Describe the mnsclee of the face with the action of each as exhilnted 
in Fig. 45. 

? 6. Describe the mnBcles abont the raoDth. as shijwn in Fig. 46. 

77. In what way is the expteesion of the bee mode the same in ita 

78. Bxplain the agency of various muscles — the frontal — theeorru- 
gator supercilii— the anperbna. What is the action of the muscles in 
qniet sorrow J 

7U' Is there commonly any one mnsde devoted to the expression 
of any one emotion or passion ! Does the same muscle often take a 
part in the eipieeslon of various einotionsT What is their state in th«' 
expression of a calm pleasure ! Illustrate the agency of the moaclea of 
the eyeball in eipreaaon. What is Baid of the action of the oblique 
mascli«7 Why is the intoxicated man apt to squint and see double? 
Why does he raise his eyebrows in the effort to keep his eyes opent 
What other parts besides the lace are brought into action in the Ian 
guage of the mosclee, 

80. What is said of the action of tbe rest of the body in expresraon t 
What moBcles of the body sympathize most with those of the &ce in 
expression t Qive examples in illustratioo. Explaia tlM expieMdon 
of the countenance, as seen after death. 



CHAPTER VII. 

81, Glveaeammary of tbe processesof digeation. 

Sfit Of what substances is the lx>dy of a tooth composed, and how 
are they arranged? What are the difierent shapes of teeth, and for 
what different pniposes are they fitted ! How do the teeth of carnivo- 
rous animals diff^ from those of tbe berbiTorous? How does the 
motionof thelowerjawdifferin thetwoclasees? What isthe shape 
of the leetb in the insectivorous 1 What in the flruKlTorous? 

83. What is the pecnltar arrangement of the enamel in tbe teetb 
of the herbivorous, and for what purpose t What can be inferred 
abont an animal from an examicaUon of his teeth ? Why Is man said 
to be an omntnorvtut animal f 

84. Why are bis tearing teeth less in length and in power than 
those of carnivorons animals T What has the common whale Instead 
of teeth T Wliat is the purpose of the arrangement t 
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8B. What enppIiestheplaMof teetliinMrda? What la the Dee of 
thes&ltva? Describe the situation and arrangement of thagUnda that 
Erapplj thia fluid. 

dG, How much eaiiva is secreted bj the salivarj glands during a 
meat ? Wh; is more saliva than uenal needed when one is speakingt 
What effect doee motion of the month have on the eecrelloDT How 
ale these salivary glands affected by tobacco-chewing? Explain the 
influence of sympathy in the secretion of saliva. What are the two 
kinds of flnid secreted by the saliTaiy glands, and what Is the purpose 
of each kind T 

S7* Describe the varlons parte engaged in the act of swallowing, as 
lettteseDted in Figs. 64 and SS. 

SH. Describe the arraDgement of mnecolar fibres in the (Esophagos. 

SO. What is the character of the gastric juiced By what is it 
fbrmed? 

90. Describe the appearance of the macona membrane of the Btom- 
acb, as seen by Dr. Beanmont, in the case of Alexis B(. Martin. To 
what is the amount of gustric juice proportioned ! What is the eflect 
o! Btjmalating the sUanach to too large a secretion of it from day to 
day! What is the nature of its action on the food? Bow is the ap- 
plication of it to all portioDS of the food secured ? Describe the ar- 
rangement of the miiscnlar fittrw of the stomach, and the manner of 
their action. 

01. What is the chymel What is the arrangement of the ^ve 
called the pylorvtf When is the pylorus espedally in action! If 
there be difficnlty in d^esting the food, what is the eff'ect on the action 
of this valve T What is the true character of the process t 

03, What is the ooDseqnence if fresh food be introduced Into the 
stomach while the process is goinjr on t Why is the practice of eaUng 
between meals a bad one 1 Why does eating ftst, do harm 1 What 
effect has great variety in food? How does eierdse afibct digestion f 
Relate the experiment with the two dogs, and state what.it proves. 

94. What shows that hnnger does not arise from emptiness? 
What that it does not arise from the irritation of the gsatric jtucef 
What is the eouw of hanger? What is the leai of the sensation? 
Upon what doea the degree of hnnger depeod? What must be the 
state of the stomach to have this sensation exist t 

05. How do mental impreewons sometimes destroy the aeDsation 
of hunger? What is the cause of thirst? Where ia its ««(K f De- 
scribe the arrangementof the digestive organs as seen in Fig. 60. 

06. WbatarethenBesofthemeeentery? 

07. Where are the bile and the fluid secreted by the pancreas 
mingled with the chyme? 

08. What ia one of the offices which they exectite? What is the 
chyle? What are the lacteals? What glands do they enter? After 
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pBBsing on from these glands. Into what dact do they emptj' the clijleT 
What is the mze of this duct, and where does it pour its contents t 

9&. Deacnbe the opemtion of the suction power at the month of 
the thoracic dnct. What beorauae lA the chyle thoa forced into the 
blood t What in the general rule by which the variation in the diges- 
tive apparatus In different animala la goreniedr Exempli^ by a com- 
parison between hertdvotons and curnivoroos animals. What is the 
length of the alimentary canal in the lion? What in the sheep? 
What in man ! In what animals is the stomacli moet complicated t 

100, Descnbe the apparatos of digestion in the sheep, and its sue- 
oeaaive proceasea. Which of the four cavitiefl in the sheep's stomach is 
the real stixnachT Into which cavity doee fluid matter always goT 
What is the arrangement wtiea the animal is encUing? 

103. Describe the digestive apparatus uf birds as exemplified in 
the turkey. What drcurastances govern the variation of the digestive 
organs in difibrent animals ! Wliat is tme of the stomach in the lower 
orders of animalsf What peculiarity ia therein the Hydra in regard 
to Ita stomach t 



CHAPTER VIII. 

lOS, What are the different pans of the apparatus of the dnnlar 
Hon f Deacribe the agency of each in dreolating the blood. 

100, What relation doee the heart bear to the rest of the drcula- 
ting apparatus T What is the diKrence between the arteries and the 
veins in their structure t What two reaaone are there for this differ- 
ence? What is the pnlsef How do the arteries and rcina diflei in 
the mode of their division 1 

107, How does the vcnons ^'Btem di%r from the arterial in capa- 
dty ! How in regard to rafndity of flow of the blood t Describe the 
valves in the, veins. 

lOS. Why ara these valves needed! Why is It more dangerous 
to wound an artery than a velnT Give some eiampleti, showing how 
on this acoonnt the arteries are seated more deeply than the veins. 
Where are the arteries superficially dtuatod ! 

lost. What is the proper way to atop bleeding from an artery ! 

110, What is an aneurism t When a ligature ia tied around the 
artery above the aneurism in a limb, bow is the limb to be supplied 

■with blood t What is the chief agent in the cdfculatioa of the blood ? 
How can you illustrate the contraction and the dilatation of the hea.rt ? 

111, What phenomena show that the blood-vesaels exert an active 
agency In circulating the blood T How does the circulation through 
the liver show that the capillaries are active agents in i^rculating the 
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113. Why are the veioB geaeraJl^ full of blood after deatli, wliUe 
the arteries are nearly emptj't Whatia the origin ortbe term arterjt 
Why do we not in common language speak of the blood aa rnnning in 
the arteries as well as In the veine % 

114:. What is the color of the blood in the arteries ? What color 
has it in the veins ! Where is it changed from red to purple 1 What 
other changes besides that of color take place 7 What would be the 
couseqnence if the dark venous blood should be sent to the brain T 
Where is the change ia the blood from purple to red efiected ! How 
is tbe apparatus arranged bo as to send the parple blood to the lungs 
to be changed t Explain the diagiam showing the plan of the two 
circnlatiomif 

115. What is the diShrenee in the two drcnlatlons as to the color 
of the blood in the reins and the sjrterieB? What is the difF^rence 
iHtween tbe change of the blood in tbe capillariee of the Inngs and 
that wbich takes place in the capillaries of the general system ! 

J16. Describe the parts of the right half of the heart aa repre- 
sented in Fig. TO. Describe the manner in which tbe auricle and 
Tentricte, with tbe valves, act. Give the iUnstration as represented in 
Fig. 71. What is the difi^rence inrize and strength, between the 
auricle and ventricle ! What is the size of the heart t 

118. Describethearrangementof the valves of the aorta. Describe 
the special provimon to prevent leaking in these valves. How are the 
walls of the heart supplied with blood 7 

lltO. Describe the valves between the anridee and the ventricles. 
Why are they regulated by mvadet? Why are there no valves where 
the blood pours into the auricle l>om tbe venee cav»! Describe the 
parts of the heart as represented in Fig. 74. 

122, Describe the circulation as given Jn the map of the heart in 
Rg. 76. 

123t Describe the situation of the heart and its blood-veesels, as 
represented in Fig, 76. 

124. What is the dIKrence between the two sounds of the heart ? 
What is the cause of the first- sound t What of the second ? How is 
the pulse produced! Explain the imptdse of the heart against the 

125. Explain the plan of the perieatdiom. 

126. Has the heart any reposeT Qlve some calculations as to the 
amount of work it does in a lifetime. 

OHAPTBB IX. 

127. What two objecta are efiteted by the respiration ? Of what 
are the lungs compoeedl To what is their spongy lightness owing? 
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How minnte are tbe aii-«el]B or vesicles T Id what way is the clumge 
prodoced by the ur in them upon the blood? 

12S. Describe the anangemeut of the larynx, the trachea, the 
biouchi, and the longs, (ta exhibited in tMg. 79. How are the heart and 
tbe lungs ananged in the chest! 

laO. What is the pleon ! Whj are the lang« not fastened to the 
walls of the chest f 

ISO. Describe the manner in which the ait is made to enter the 
diest in breathing. Describe the framework of the chest, as repre- 
sented in Fig. 80. How are both lightness and strength sec(U«d in 
this structure I Why are the ribs joined to the breeethone by means 
of cartilages T 

131' What is the chief connecting material of this bsmeworkt 
What is tbe lUapbragm, and bow is it arranged! 

13Z, How doea the diaphragm act t Describe inspiration and ex- 
piration as illofrtrated by Figs. 61 and 6S, 

134. In what way do other moscles, beeides the diaphragm, act 
in respiration ? Describe their arrangement and action, as represented 
In Fig. 83. 

135. Wiiat is the arrangement of tbe mnscalat fibres between tbe 
ribs, and their mode of action ? In what directions are the ribs moved 
by the muscles in tbe neck and between the ribe7 Do these mnsdes 
act mncb, if at all, in ordinary easy respiration t Under wliat circum- 
stances do tfaey act strongly ? If air were admitted to the outdde of 
the longs by openings In the walls of the chest, what would be the 
result T 

136. How are the blood and the air kept from mingling in tbe 
longs, while they are breught so near together ttiat the idr changes 
the blood t What experiment shows that blood can be acted upon by 
air IhroDgh poree? How important is the office of tlie air-cells! 
What provisions are made for securing to them sufficient room under 
all circumstances! Dluatrate bv reference to the state of things in 
violent exercise. 

137. If ibe expan^on of the cheat be restrained in any way, what 
influence is exerted upon the aii^celisT In what two ways does violent 
eierdse injure the lungs when the chest can not be well expanded ! 

138. What is said of the influence of compresdon of tbe cbest in 
the production of disease in the female sex? What is Bud of the ex- 
tent to which compression of the chest is often carried ! What is said 
of tbe gradual motjding of the chest by continued compreselon during 
its growth? 

140. How is death produced in drowning! Howie water prevented 
fWim getting into the lungs in any quantity? If arterial blood could be 
supplied to all the organs while tbe breathing is stopped, what would 
be the result ? What contrivance has the whale for this purpose ! 
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1-41. What is the arrangement of the dills of a fisli ? Bj what 
experiment can yoa prove that it is the air in the water (hat acts on 
the blood in the gills, and thus keepa the Ssh alivet Why am not 
the fish use air that is not mingled with water ! What proTision in 
the land-crab enables him to llva in air as well as in water? Describe 
the anaogement of the gills In the lob-worm, and the larva of the 
May-fly, 

14^. How are the respiratory organs arranged in Insectaf What 
is the effect of covering their stigmata with varnish ! For what two 
purposes is the ap|iaratns of respiration largely developed in birds? 
What special arrangement is there for secnring lightness ? 

144. By what experiment^ can you show that carbonic acid is 
thrown off from the longs 7 What are the components of the air, and 
what is th^r proportion t Which of theeeis essential to life? Why 
wonld it not t>e well to breathe pure oxygen alone ? Where has it 
been supposed till recently that the oxygen of the »ix unites with car- 
bon to make carbonic add t Where does this union take place t 
What &cls settle the last question ? 

14(!, Does the change efiected by the air npon the blood in the 
lungs take place to some extent, when blood drawn ftma a vein is ex- 
posed to air t What experiment illustrates the manner in which the 
air acts on the blood In the lungs? 

147- How much carbon is contained in the carbonic add thrown 
off from the lungs in twenty-four hours! What efibct does this gas 
produce upon the health if ventilation be imperfect ? 

148. What becomes of the carbonic add thrown off from the 
lungs of animals ! How is the air replenished with oxygen 7 How is 
the equilibrium preserved in different climates? What efiect has 
light npon the discharge of oxygen from the leaves of plants ? 

14if. By what process is the heat of the body mi^ntained 7 Trace 
Its analogy to ordinary comboation. What was formerly supposed in 
regard to the place of the production of animal heat? What objection 
was made to this supposition! Where was it at length discovered 
that the heat is made? 

150. What are the three sources of /urf for keeping up the animal 
heat 7 Why is so large a quantity of oily food eaten in cold climatea ? 
How do cold and tropical climates differ in the provisions of nature In 
this respect! Howls the nseof Miu maintaining heat exemplified in 
hibernating animals? Whence comes the heat produced by exercise? 
Why is heat in di^rent animals proportioned to their degree of an- 

151. Contrast the warm and cold-blooded animals in this reepectt 

152. What is the ordinary temperature of the human body? 
What is essential to comfort as to t«np«ratnre In man T Detwl ex- 
periments which show how hig^ a degree of temperature can be Ixime. 
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How are the eril effecte of exceeslve beat In such cases chieflv pre- 
vented t 

1B3, How mach does the state of toi^ddity vary ia diflbrent anU 
malsT On what does the degree to which a deprivation of ail can be 
borne depend ! 

IBi. How far are the chemical chsngea deecribed tn this chapter 
dependent on uerroua action t 



OHAPTEE X. 

ISG. By what la the building and repairing of the bodj donet 
Have the vessels \>j which this is done, the power of selecting their 
mateinal from the blood T Give examples of the co-operation of the 
formative vessels in their work. How Is the concert of action in these 
vessels Illustrated In the definite but various shapw of the structures 
which thev make? 

150. Illustrate the agreement necessary between dlfibi«nt neighlN>r- 
ing sets of formativn veesels In the process of growth. IlluHtrate the 
wonderfulness of the concert of action in the tiirmatiye vessels, when 
there is a change of action. How is this exemplified in certain animals, 
as the f nig T 

158. l>eecribe the agreement of action s<>eD in the successive 
changes that take piscb in the formation, discharge, and healing of an 
abscess, 

1119. How manj kinds of waste particles are there t B; what ab- 
soriients are those particles taken np that can be used again ! 

mo. Whfit organs probably fit them to be used again as a part of 
the bnilding material f Wliere la the 'yfnpA, which they compoee, 
mingled witlithe blood? Bj what are the particles that are wholly 
nseless absorl^ed ? Bj what organs are they excreted or thrown off 
from the body T Do these various organs excrete different parte of this 
waste? 

Uil, Qive soma examples in which other functions besiiles excre- 
tion are performed by the same organ. What are the various func- 
tions of the skin ? Describe Its stmcture to show how welt it is fitted 
for these functions. 

Iti2. How extensive is the tubing of the sweat-glands? 

163. What is the diffitence between insenmble and sensible per- 
spiration? What are the sebaceous glands? What purpose do they 
serve? Where are the; most abundant? Upon what does the 
rapidity of thechangeconstantlj going on in the Ixidy chiefly depend t 
Which has the most influence on this ciiange, mental or tiodlly 
kibor? 

164, Illustrate the influence of activity on this change by a com- 
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paiison between (he trog and the canaiy bird. THuatrate ths some 
ibflaence by s comparison betneea different purts of the body. 
_ mS. What 1b said of the mingling of life and death In the changes 
of the particles t 



CHAPTER XI. 

IGS. Bj what are all the minute operations of the flyatem per- 
formed? Bow do the cells dlKr f>om the cells Id ibe cellular 
tissae ! What do thene cells contun T What is to be said of their form ? 

1G6. Deaciibe them aa seen in the blood. Of nhat are the solid 
parts of the body composed ? 

167- How do the cells appear as seen in the Hjdra t TTpon what 
does the character of many of the i«xtnies of the bod}' depend ? What 
is the chief difference between the varioiu glands of the body 1 Upon 
what do the colors of varioiis parts depend! Illustrate the selecting 
power of the cells. 

16tt. What is said of the changes that lake place in the contents 
of the cells 1 How many kinds of cells are there in the blood ? What 
gives the red color to the blood t What are two of the offices of the 
colored cells? 

Iffd. How does their amount vat? In different animals, and in 
different indlTidoals of the human racot Describe by the figure the 
manner in which abeorplion is performed on the surface of the mucous 
membrane in the bowels. 

170. Describe in like manner secretion by Fig- 102. 

171. How vivaj flbriUa are there In a muscular fibre? What is 
each one of these fibrills! What takes place In thera when the mus- 
cle contracts! What ia the cause then of the swelling out of a 
muscle when it acts! How minute are the celts in muscles? 

172. What solid animal deposits are made by cells? Deecribe the 
arrangement in the enamel of the teeth. 

lys. Of what are the nervee composed ? What has been found in 
regard to combinations between the tubnli of the nerves! How are 
these tubi^i made i¥om cells! What is the extent of the agency of 
the cells! In the ibnnatlou of every animal what precedes the appear- 
ance of any diversity of parts i 

174:, Describe the arrangement of the contents of an egg. 

17S. Describe the succcesion of proceeses that take place in the 
yolk preparatory to the formation of the bird. 

J76. From what material are all the parts of the bird made! 
What is the grand distinction between organized and unorganized 
substances? What comparison is made between gravitation and cell- 
Ufte! Compare the exhibition of the Creator's power In the minute 
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and in the large operatlonB of natore. What companeon can yo 
make betweea the beanty of natme as seen by the naked eye, and il 
innet beanty revealed by the microecope i 



CHAPTER XII. 

17S. How fai are the functlona of ODtrition alike in animals and 
plants? 

17!f- Through what ayetem an the naea forwhlch the body ia con- 
structed secured ? Why are the functions that are performed through 
the nervous system, called functions of OTtimai Ufef Why are tbey 
also «tlled functions of reUUum t Through what intermediate instni- 
ment does this system perform tta funcUone 1 

IfiO. How does this system vary in complication iu different ani- 
mals? How much ialmmod through the nerves and their aubordi- 
nate organs, the organs of the Beuseaf What are the three parts into 
which the nervous system may I>e divided ? 

181. What three things are necessary to senaalion ? Illustrate the 
naceasity of each. What three things aip necessary to voluntary mo- 
tion t Describe the arrangement of the parts of the nervous system ea 
represented in Fig. UO. 

183. Describe the arrangement and structure of the brain as rep- 
resented in Fig. 111. 

184r. What part of the nervous system is most immediately essen- 
tial to tbe continuance of life? Andwhy! lllastrate byfitcts. What 
are the convolutions of tlie brain ? 

18S. Describe the membtaoee of the brain — the pia mater — the 
dura mater — the arachturid. What is the arrangement of the gray and 
the white substance ? Does the arrangement of the convolutions fiivor 
the idea uf the phrenolc^st ? Of what is the white substance of the 
brain composed ? What function is performed by it? 

187. What tubuli transmit impreasions from the brain? Wiat 
transmit (0 it! What is said of the size of the tubuli? What is the 
function of the gray substance? In proportion to what does itaamount 
vary in different animals 7 Is there gray matter at tbe estremities of 
the nerves? With what are the cells in the Rray substance mingled? 
What is said of the necesrtty of a supply of arterial blood to this snb- 
stance? 

188, How doea the arrangement of the (rray and the white sub- 
stance differ in the brain, in the spinal marrow, and in the ganglionsT 
What are ganglions? What are pleinsee? Why is the gray matter 
so largely supplied with blood? 

ISlt. What la said of the manner in which the nerves terminate in 
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the organs of the body T Where are the Podnian corpDBcleB moetlj 
foond! Describe their structure. What do we know tMf their nse? 

l&O. What IB there that is wpndeifal in the healing of ft divided 
nerve! What do-the obeerratioas of M. Sequard show? What &ct 
was proved b; the experiments of Dr. HaighU>n T Wliat nervous 
changes occor when a unioa takes place between pane that do not 
belong together ! 

I}t2. Do the Bome nerves answer for sensation and for motion? In 
what part of the bodj are nerves of di&brent kinds kept separatu! 
How is it in all other parts? What is the arrangement of the nervea 
that branch out from the Hjunal marrow ? What two porpoBes do the 
two roolaof each nerve serve? How is this ascertained? 

193. Are there different nerves for diffitrent kinds of sensation t 
How is it in the eye ? How in the nose ! What is a nerve of eommon 
sensation ? What is a nerve of fecial sensation ? Is each nerve fitted 
for its own peculiar office 1 Illustrate b; reference to the nerves of the 
eye. Notice particularly the eflfecta produced, if the nerve of common 
sensation in the eye be paralyzed. 

194. Why are different pana of the body endowed with different 
degrees of sensibility 1 What organ is more sensitive than any other ! 
How much seasihility have the muscles? How much have the bones? 
What fact Is related to show the use of the sensibility of the shin in 
preventing injury? What change takea place in the sensibility of In- 
ternal parts when they become inflamed? What benevolent purpose 
is there in this ? 

105. Does a nerve, as a matter of course, have sensibility ? What 
is true of the brain In relation to sensibility ! What of the heart ? Is 
the heart well endowed with nerves! With what nerves la it en- 
dowed ? What is said of the nerves of motion in the face ? What are 
the appearances when the nerve of eipresuon in the face is paralyzed ? 
Why is this nerve called the respiVafory nerve of the face 1 How are 
the motions of eipres^on in the face connected with the motions of 
reeplratioD? Desciitie the resnits when this connection is broken by a 
paralysis of the respi ratory nerve of the face. 

107. How many difTerent nerves are devoted to the eye ? What 
are tbeii different offices ! Of nerves going to the same part may one 
be palsied while another is not? Give some illuHtraUons. Give the 
case related by Sir C, Bell. 

195. Are the nerves of different kinds all ahke in their structure 
and composition ? Why can not the Impression producing sensation 
be transmitted by the same nerve witli the impresdon producing 
moUon ? In what direction is nervous action In sensation ? In what 
direction is voluntary motion! 

190. Does voluntary motion occur sometimes in consequence of 
sensation, and lometJmeB not ! HInstrate this. Give the resemblauc* 
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of the QCTTona Bjstem to ft l«ilegraphic ftppanttos. What la tine of 
motion caoeed b; meDtal emotioos? Give Home examples of mosdes 
that are whollj involnotaiy, and of musclea that are partiallj so. 

300, What IB the dlfereuce between an exeitor and a nmtor nerve I 
Illustrate by leference to the reapiration — and the action of the maecalar 
coat of the stomach. Why te the action of these two clsseee of nerres 
called a reflex action ? Do we know what is tranamitted througl) the 
truok of a nerve! Does reflex action ordlnarilj occur without posi- 
tive sensatioD ! Under what drcamstances is seasation connected with 
it ? lUoBtrale by reference to the artitai of the respirator? muaclea. 

201. State the two separate fnoctione of the spinal marrow. By 
what arrangement are thej performed ! Dlnstrete the modes of efibct- 
ing sensation — motion — and reflex action. 

202. Ho^ doM the brain differ &om the spinal marrow as io intois 
Takof rest! Illnstrate the conUnuous action yf the spinal marrow, as 
seen in the operations that go on in the system when the brain iB 
asleep, or Is torpid with disease. Bedde« these operations, meniioii 
some of the motions that can be eidted throngh the ageni^ of the 
spinal marrow independent of the htain. Cite some of the feels to 
show thiut Tolnntary muscles act Involontarilj more often than is 
commonly eapposed. 

203. Explain the tnvolmitary action of mnscles in walking and 
other like acts. What was formerly snpposed in relation to the im- 
portance of the brain as a central organ of the nervous system f How 
do we know that the brun is not directly essential to the maintenance 
of life! 

204. What are the fnnctioDB most essential to Iife7 Upon what 
part of the spinal marrow do these depend t Illnstrate the extent to 
which the different parts of the spinal marrow are independent of each 
other. Is there any sensation independent of the bndn ? 

203. Why is the system of nerves, of which I have treated in this 
chapter, called the eeretrro-tpinai system T What other ^slem is 
Uiere f What are Its pnrposes t 



CHAPTER XIII. 

20S' What principles apply to the construction of the apparatos 
of the voice? 

206. Into what two kinds are wind-inetmments divided? Explain 
the manner in which the variation of note is produced in those of the 
Gist kind, by reference to the flute and the tmmbone. 

207. Illustrate the same point tn the operation of the flnle.stop of 
the organ. What inflnence does the width of tlie vibntjng column of 
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ur li&ve apon the note? How is the note Turled In tkoee wind-liiBtra- 
mentB invhicb the length of the column of air can not be altered! 
What are some of the wind-instruiqeDts of the Becoud clasB ! How is 
the Bonnd produced iu these 1 Bow is the note varied ! lllostrate bj 
ref^ence to the reed-stops of the organ. How are the various notes 
produced In the clarionet t 

208. Trace tbe analogy, >n the application of the principles of 
madcal BODnda, between the vibratJDg colnmn of air, tbe reed, and the 
strings in such instruments as the piano and violin. Explun the re- 
lation of the tube of the reed- instrument to the reed. 

209. What is the trachea, and of what ia It compoeedt What is 
the laryns T 

210. Describe the parts of the larynx as represented la Rg. 122. 
Describe parUcularlj tbe arrangement of the arytenoid cartilages and 
the vocal Itgamentij, as represented in Figs. 123 and 124 

211. Describe, by means of Fig. 128, tbe manner in which the 
difienint notes of the voice are produced. 

!112, How do we know that the lower llgamentB are the true vocal 
chords 1 Appl^ now the principles regulating the variation of not« in 
common ninsit^ instnunenta to the vocal apparatus. Qive Magen- 
die's experiment. 

213. What is the tube of the vocal apparatus, which anawera to 
the tube of a reed-lustromeut! How many outlets has it? From 
which does the voice generally issue? How is it in linmniing! What 
Influence do the cavities of the nose have on the voice ! 

214. In what two ways Is the laxo of the vibrating column of iJr 
in the tube of the vocal instrument varied? What influence does this 
tube have on tbe character of the voice ! Bow would the voice sound 
if it should come directly from tbe laiyns, instead of passing through 
the tube attached to it ? 

SilS. What is st^d of the variety and prccimon of the action of the 
muscles in the modulation and articulation of the voice 1 How much 
do the ligamenta vary In length in producing all the variety of notes 
of which the voice is capable? Qive the calculation in regard to tbe 
minuteness of the muscular action in passing from one note to another. 
What is said of skill In managing the muscles of the chest in speaking 
and singing ? Give the illue^tion of the bag-pipe. 

21G. What is one of the chief causes of "throat dlBease" in public 
speakeis? What circumatances tend to produce this disease? In the 
articulation of how many letters is the tongue the chief agent? State 
some facts to show that the tongue is not so esBential to the power of 
speech as Is commonly supposed. 

217. What letters are chiefly formed by the teeth ? What is lisp- 
ing ? What letters are chiefly formed by the lips ) Why do children 
ose labials so early and so fteely ? Of what are there tenns of endear- 
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ment compofled in moat languageal niastnte the agenc; of tlie naa&l 
cavities in articaUUoD. 

21ti. Explain the difficult; called epekking through the noae. 
What ie Boid of arUcuUtiou in whitpering! How is the variation of 
note in whispering canaed? Mention Bome of the attempts that hare 
been made to imitate the artlcalatlon of the voice by mechaoism. 



CHAPTEE XIV. 

3 19. How Is aonnd prodncM T When is sonnd mnrical, and what 
discordant } What is said of the transmission of sound? What of its 
tefleetiont 

itZO- Illustrate the inflnence of the reflection of sound in accumn- 
latiog it. 

221- What ia true of the &dlitj of the tranBmisaion of soiind 
through solids and fiuids as compared with air? Uluatrate it by &cte. 
How is the fact that sonorous vibration doM not leadity pass from one 
medium to another, illustratedT Upon what does the degree to which 
the Yibtation is lessened in passing from one substance to another, 
depend ? 

222, In what cases is the interrentian of a membrajie of essential 
service, and why 1 Give a general deecription of tiie process of faeoT' 
ing. Describe the apparatus of hearing, as represented in F^g. 132. 

223. What is the object of the estemal ear 1 What is the ose of 
its ridges and promineneeat What Ib said of the eiternal ear of ani. 
mals in comparison with man T 

22i. Describe the tube of the ear. By what two means is It 
gnarded ag^nst Intruders! Describe the dram of the ear and the 
little bones. What is the arrangement of these bonesT What are 
their connections, and how do their masdes act upon them ? 

225, Bow does the cavity of the tj'mpannm communicate with the 
mouth, and why T What pui: of the ear is the essential part of the ap- 
paratus?. How much of the apparatus may be destroyed ^thout 
entire loss of hearing ? 

226, Describe the parts of the labyrinth. Why Is it better that 
the vibrating substance in the labyrinth lie a fluid than a solid or a 
gaseous subslAnce. 

227, Describe now, step by step, the process of hearing, b aU onr 
hearing done in this way T 

228, What is eaii of the two ends of the apparatus of hearing T 
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228. Into what two ports mt.j tbe procesB of seeing be diTided? 
What prindplea govern tbe coDatmction of the mechanical part of the 
apparatusT What ia the otject of its OTTangementa? How ie the 
eecoQd port of the procen executed! Eowdoeothe traDHmiBBion of 
light resemble that of sound ! 

229. What is the ryVactiOTi of light t IHnrtratflby Rg- 186. How 
are the n,jB bent In relation to a perpendicular when they pasa (Wnu a 
denser into a nuer medlom T How, when they paea from a rarer into 
a denser T 

230. How are the rays refracted when they paas through a medl- 
xaa which has a ameaiie suriacet 

231. How many coats has the eye? Describe the arrangement of 
the p«irts of the eye, as represented in Fig, 189. What is the use of 
the sclerotic coat t How la the cornea fitted into it ? 

2S^. What is the coIot of the choroid coat, and to what is it owing ! 
Of what is the rettoa chiefly composed? Whatare the three humors 
of the eye ? Deecribe the chamber in which the aqneons homor ia 
What is the oongiBtence of the crystalline humor or lens ? Describe 
the Titreona homor. Why is it called vitreous? Describe the various 
parts aa they an more minutely delineated in Fig. 140. How is the 
aqueous bnmor formed ? How is it coniiaoally changed ? 

233, Describe tbe membrane called tbe conjunctiva. What ore 
the dliory processes ? Describe their arrangement. What is their use ? 

23^t How are images of otjects formed upon the retina? How 
can tbe foct that such images are formed, be proved? 

235. Why are these images inverted ? On what does the color of 
the ilia depend? What ia the prindpal office of the iris ? By what 
arrangement of its muscular fibres are its motions effected ? What is 
tbe<^ce of the crystalline lens ? What is Its shape ? Ita strnctuie? 

S3<t, What two purposes does the choroid coat serve? What is 
the state of the choroid coat in the allnno ? What g^ves tbe bright 
red or pinky hue to the iris in his case? How does tbe color of the 
choroid coat vary in different animals ? What is the character of the 
retina, and its office ? Trace the analogy between the optic nerve and 
the other nerves of sense ? What reeemblaikce is there to tbe nerve of 
touch in ita termination ! 

237, What is the defect in the opentUon of optical instruments, 
called spherical aberration, and bow is it obviated in the eye ? 

23S. What is the difficulty in the operation of a common lens, 
called chromatic aberration? How In the eye? Contrast the eye with 
the telescope in regard to the fiicility with which the eye accommo- 
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d&tee itself to objects at difibi«Dt distftncee. lu what two ways is thia 
accommodation effected ! 

Z39. By what defects in the Btnictare of the eye io the uear- 
algliled is this power of adjustmeDt counteracted ? How is this diffi- 
culty obviated? WhAt is the difficulty in the far-mghtedt How is it 
obviated ! 

2^0, What is neceHBaij to single vision in regard to the two 
images formed in the two eyee T When are the two images in the 
eyes alike. 

241, In what casee are thef nulikef Relate the experiment given 
in explanation. How is it that in such a case, wliile there are two 
images, and therefore two impieeeiona sent along ttie two optic nerves, 
yet the Impreetion on the mind is single t Explain Professor Wheat- 



342. What is the wual angle t Can we get a correct idea of mag- 
nitude by the visual angle alone t IHnstnte by the Figure. 

243, What drcamstance most be known in regard to an object, in 
order to have oar estimate by the vlenal angle correct? 

244. Illustrate the manner in which we get ideas of the magnitude 
of objects by comparison. Show how ne sometimes are made aware 
of oar dependence on this sort of evidence. Explain the nse of the 
mnscular sense in acqulnng an idea of the size and distance of objects. 
Do all the images formed on the retina transmit impresuons to the 
mind ? lUnstrate in reference to ordinary vision by an experiment. 

3*fs What is the " Blind Spot " ! 

240. How is the eye nfudfeiZ so as to protect Bgainstinjnry ? How 
does the cushion of fat on which it rests serve to protect it ? In what two 
nays does the muscle that closes the eyelids serve as a protection to 
the eye. How is it protected by the eyelashes? How by the eye- 
brows? How are the eyelids constructed in reference to the protec- 
tion of the eye 1 

247. How da thetearsHerve as a protection? Why do fishes have 
no tear.Bpparaius ? Describe the arrangement of the tear-apparatus. 

248. Why do the tears overflow the edges of the eyelids when 
they are abundant? What arrangement of glands is thpre on the eye- 
lids? What two purposes does the oily substance formed by them 
serve? How are the tears condacted into the moath of the ducts 
when the eyelids are dosed ? Describe the nictitating membrane in the 
eyes of Inrds. 

CH-4PTEE XVI. 

249. From what two sources are the rules of hygiene to be learn- 
ed? How fiir is a knowledge of physiology necewary to a proper 
understanding of these rules? 
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QUESTIONB. 357 

Z50. What diviaioD of topics shonld Im made in the subject of 
hjgieneT 

231. What pdnts in the hygiene of digestion have been before 
noticed 1 What is said in regard to the amonnt of food needed bj the 
bod; t How can we know what thjs amount is! What errors are 
committed in regard toqnwitity of food? 

202. Prom what causes is too Uttle food sometimes taken 1 What 
!e said of the intervals between our meals ? What is B^d of eating 
regolarly ! 

253. What of the dl^rent kinds of food? What of fruits? 
What influence has the mind on digestion ? 

254. What is the general stat«nieat !u regaid to the hygiene of 
respiration? In what two ways is the free access of the air to the 
lungs interfered with 1 What general rule is given as to dn^sB in 
regard to the cheet ? In what ways does compresoon of the chest 
occamon disease t 

255. Why ordinarily is the jnflnence of defective aeration (or air- 
ing) of the blood not appreciated ? What is the office of the organs 
of the drcalation ? la the action of these organs ever violent and 
tumnltuone ? 

256- What inflaence has moscular exercise on the development of 
the organs of the body t How is it a preBervative against disease? 
What is said of violent exercise 7 

257. What Is the change going on continoally in all parts of tlie 
body ? What two conditions are necessary to the proper performance 
of this change? What is s^d of the discharge of waste matter from 
the ^stem! What organs efi^t this discharge? 

258. Row much matter is dischai^ed from the skin ! How is the 
animal heat prodaced ? How does eierdse increase It 1 What influ- 
ence has the quality of the blood upon It ? 

259. What is essential to a comfortable temperature of the body ? 
When one is too much heated how is the extra heat disposed of? 
What is the object in covering the body with clothing and in eni- 
rouuding it with heated ^rt What is said of cold as a cause of dls- 
oase ? What are ooi means of gnarding ag^nst cold ? 

260. How should we regulate theamountof clothing? What is 
said of guarding agidnst cold when the body Is In a slate of rest ? 
What is said of the weak snaring from oipoHure to cold? How 
should the shoes of delicate females be made? 

261. Under what circumstances does cold act as a stimulant 1 
What circumstances are necessary to this result ? What are the con- 
ditions on which reaction depends ? 

262. What rules should be observed in the use of cold bathing? 
What are the beet times for using it? What occasionsthe wear and 
tear of the system ? When is most of the repairing in the system done ? 
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263. Wbht Is Mid of the lelKtioa of eierdi 
effect has it on the mnedesthemBelvest What oi 
How doea it prevent defbrmltj ? 

2G4. What ore the two canaeB of the common defonnitj of the 
spine t Explain their notion. Why is this defbrmjtf fuand ho mncb 
mote often in femnles than in molee t 

26S. How mnoh inflnenca hu postare in pTodncliiK Itt What 
eepeciallj dettilitatee the muscles of the back In the female t Illus- 
ttate the neceswtj of having exerciBe varied— also of having it general. 

206. What is said of gymiuiBUcs and calietbenicst What i» said 
of having tlie exercise habitual ? How doea too much exercise do 
harm ? What is B^d of having the exercise agreeable t 

267. WhAt is SMd of the hrgiene of the eenses T What is said of 
the neceasit^ of seasons of reet for the brain? What dgnlficant &ict 
In regard to insanity abowa this T What is said of the conditions 
under which the mind can perform much labor without harm ? 

268. What is said of overworking the brtdn during its growth? 
What of the manner in nhich the child's mind is ordiDdriiy exercised t 
What two mental canaea acting together iiyure the heaJth and aome- 
timee produce iusanltj'T 

269. What infinence has the n^tOstton of the passiaus on the 
health? On what portions of the syviem do alcohol and tobacoo 
chiefly act ? What is said of alcoholic etimulanls ? 

270. Show how tobacco maj act indirectly as a stimulant. What 
are its effects on the system ? To what class of persons Is It espedally 
iDJurioos? What is the evidence in regard to the influence of tea and 



'471. What is said of Onanations from filth as prodndng disease t 
Give a summaiy of the chief causes of disease. Is disease commonly 
produced by any one of these causes alone ? 

272. Whaties^d ofonrcontrol over these causes? What other 
causes of disease are there ? To what extent do they act compa.Ted 
with those mentioned? How may we often escape their influence? 
What is said of the oomparative value of preventive and curative 
measures ? Ulustrate the prevalent error on this point by reference to 
consumption. From what does the common neglect of [ttevaitive 
i, and how can this be obviated ? 



CHAPTER XVII. 

273, What Is said of the brain as the organ of the mind ? What 
facts show that motion and sensation are dependent on the brun ? 
How does It appear that the mind thinks only by means of the brsiu ? 
How is life continued when sensation, motion, and thought are stopped 
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by oompresaion of the braiD t How does the vsriation of the degree of 
compresaioii v&ry the efieet on the mental fimctioDB ! 

975. Of what JB insanit; always the reenlt! How do moral caneee 
produce itf If the mind were separate fiom the body,cou1d iuBanity 
be produced in it? Can tlie disease la the oiganizatioa in luBanity, be 
always discoTered in an examination after death t Describe the eitaa- 
tion of the brain and its immediate comiections. What la said of the 
faceT 

Z76. ninatrate the rapidity of the communication between the 
mind and the different parts of the body. How does a child learn to 
use ila mnadee t 

277. What is said of the amoant of knowledge aoqnired by the 
child in the first year of his life 1 What is said of skill in the use of 
the muscles? What is said of the trainiDK of the senaes? 

27S' Illustrate the fact that the senses and muscles are matual 
teachers in their training. How does the dependence of the muscles 
on the senses differ from that of the senses on the muscles ? What 
&ct illustrateB the absolute dependence of the musdes on the senses! 
In the education of the muBclee and the senses, what is, strictly speak- 
ing, ed nested or trained? Illnstrate by reference to the idiot and the 
deaf-mute. Why does not the edncaljon of the muscles extend to 
those that aie involontary ? 

279- What difference la there in the different stages of the train- 
ing of the moaclee in the degree of cognizance which the mind takes 
of their action? IlluBtrate by refbrence to learning to walk, to read 
and to sing. What part of the brain has an eapedal connection with 
the mind? What is the chief office of the cerebellum? Give the 
evidence fk>m comparative anatomy on which this pcdnt is settled ? 

281. What experiments lead to the same conclusion? What ia 
said of the comparative amounts of the white and the gray substance in 
the brain? 

252. In what portion of the brain Is the pioceaa of thinking carriod 
on ? What is the facial angle T What is the difference in regard to 
this between the skull of the European and that of the Afiican ? 
What between the skull of animals and that of man? What is the 
ocnumon measure of this angle in ancient statues of deitiee and heroes ? 

253. What is said of the rule that the amount of intelligence, both 
In mam and in animals. Is proportioned to the amount of the cerebrnm ? 

254. What facts show that size is lax from being the only measure 
of power in case of the brain ? In studying the comparative phy wology 
of the brain, what dgniBcant fact do we find when we come to pass 
from, the higher animals to man ? Of what character Is the mental 
difference between them and man ? What ia said of the definiteness 
of the distinction between man and animals ? What note onght to be 
made of this distinction by the comparative physiologist? What are 
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the three eonrces of otu kaowledge in leUtion to the connectioti of the 
mind and the bodj! What is the eonaeqaence if we rely Tipon any 
one of theee alone f 

280, What is the alternative to which one is driven, if he confine 
himself to the evidence vliich ph;eiolog:y fiuniBhes? What conree 
Is commonly pursued by those who take this narrow view of the sub- 
ject! What is said of the dietlnctiou between organized and nnor- 
gaoized matter! What are the common snppomtions in regard to the 
endowment of organized or living matter? What is said of tboee 
endowments of living matter that are connected with the nervous 
system? 

256. What qoeetion now arises in relati<m to intellif^ence in Its 
connection with matter 1 What does phymology show uh in regard to 
this connection 1 Pcdnt oat the deficienciee of its teaching in relation 
to the nature of this connection. What is the tendency of its pre- 
snmptive evidence! 

257. Looking at thesulgect solely In the light of phy^logy, what 
would be the conclosion in logard to the dependence of mind on organ- 
ization, when we oltserve the origin and growth of a thinking animal f 
What bearing on this point has the fact, that the intellect grows with 
the brain and appears at last to perish with it! What &ct tn com- 
parative physiology is strongly adverse to materialism T In which di- 
rection, however, on the whole, does the evidence from physiology, 
taken alone, preponderate! 

itSS. State the ground of the great need which the phymologist 
has of the evidence from other sources besides his physiology. 

289. What is the testimony of consciouenese in relation to the 
independence of the soul in its action 1 What in regard to its reepon- 
ribility for itti acts ! How far is this testimony acted upon ^y all, when 
phyuoIo^caJ epecniations are left out of view ! What does the evi- 
dence from consdonsnees show us in relation to the connection of the 
mind with the material organizatioD ? To what alternative does it 

290. "Eav is this testimony of consciousness treated by ths 
Bible! 

291. Ulustrate onr dependence on the Bible for the proof of the 
soul's immortality ! , How may the decrepancies in the evidence from 
phydulogy in regard to the connection of the mind and the body be 
cleared np ! 

292. What ia said of the character of the evidence drawn from cou- 
BciousnesB and Revelation ! What is said of the presumptive evidence 
from physiology in comparison with it ? What is said of the present 
moral tendencies of physiological investigations I 
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CHAPTER 2VIII. 

393. WhatiTBS LordUonboddo'Bldeaofthe development of KumT 

What recent theory haa an Bimlogy to this t- What 1b trae of man and 
animals in relation to instinct and reason? 

204. Do we know what the nature of inetiiict 1b! Which can be 
understood best, the actions of instinct or thoae of reason t Illustrate 
this point. What Beeras to produce the actions of instinct 1 What 
influence does the intelligence of the animal exert upon them t What 
is said of the invariableness of the actions of iuBtlnct. 

»9S. Describe the neets of the Baya and the Tailor Bird. What is 
said of the perfection of the actions of instinct 1 Why are the cells of 
the honeycomb made hexagonal T Describe the arrangement of Che 
ends of these cells. 

297, Cive the f^t stated in regard to the angle made by the sur- 
bcee at their ends. How ia the perfection of the actions of instinct 
seen in animals that live in communltiest Describe the structure of a 
wasp's nest. 

298. Oive the deeoriptlon of the habits of the beaver. 

300. In what reepcct may instinct be said to be blind t Illnstrata 
by reference to animals that provide for a progeny which they are 

30.1 . Why is it often difBcult to distinguish between the resnlts 
of reason and those of Instinct 1 What would be true of Instinct If it 
were at all rational ! Under what circumstances is there perfection in 
the actions of instinct f Under what circnmstances does it fail 1 Con- 
trast instinct and reason in this respect. Give some UlnstratiouB of the 
characteristica of instinct alluded to. Give Mr. Broderip's account of 
the beaver. If the beaver in this case had been guided by reason, 
■what wonld he have dona ! 

302. How far la the care that animals take of their progeny gov* 
emed by a blind instinct t What ia said of the temporary character 
of parental aflecUon in their case ? In what case is there no affection 
at all? 

303. What degree of intelligence is shown in the power of imita- 
tion in animals ? How do animals show that they reason ? How far 
did the beaver, whose story is given in § 409, reason ? How does the 
character of the infbrences m^de by animals differ &om that of those 
made Xiy man? Illuatrate by reference to Newton and his dog. 

304. Of what are the inferences made by animals the results? 
When the processes of thought in animals are extended and compli- 
cated, what is true of them ? Illustrate by examples the extent to 
which mental association may be carried in the animal. 

30G, How do i^-nimniif learn the relation of cause and efi^t ? Illiu- 
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trate by exunplat. How does tbis knowled^^ of ouae and effect differ 
in man and in animftlBt letbe mental dlfibrence between man and' 
a n i ""!" one of degree onlj 1 

307t What attribute connitatee the great anperiority of the baman 
n^df Show how this attribate is the origin of language in man. 
What IB the character of the language of animala ! Whj can not thc^ 
have a language of ariuirary eigne ? What is the Boiuce of man's be- 
lief in a Creator? Uluetrate this point, k this belief implanted in tbe 

308t What two eoppaeitiana have been oflered In relation to con- 
edeuce ! What is said of the doubts wbicb some entertain as to the 
existence of conscience! What is true of those casee in which imlmnlif 
seem to some to have a moral seuae ? Illustrate the fact that in com- 
mon language we recognize tbe difference between man and ""'■"wiw as 
to the poeeeaaion of a conscience. 

aOlf. Qive a summary of tbe mental di^rences between man and 
animals. Give the gradations which we find in the nerrous STStem as 
we trace the animal kingdom upward. 

CHAPTEE XIX. 

310. Mention some of the oontreisia which we And on looking over 
the hnmau race. How many varieties of the race are commonly reck- 
oned? 

311. What are the characteristica of tbe Cauca^an variety ? What 
are the characteriatica of tbe Ethiopian varietiee — the Mongolian — tbe 
American! 

31it, What are the characteristics of the Malay variety t What is 
said of the eitent to which the race may be divided into varietiee? 
What is ^d of tbe way in which national diff^ncea are produced! 
What is tbe opinioD of most naturaliate in regard to tbe production of 
the races? What ia tbe doctrine of Professor Agasaiz and others T 
State the groimds on which he bases his doctrine. What Is bis opinion 
[n regard to climatic and other Influences ? ^Vbat is his opinion of the 
history fpven in Genesia? Are the different branches of the race in 
bis view diffbrent spedee, or mere varieties 7 What is the dlatinction 
between a spedna and a variety t 

3 IS. Mention the influences Included in tbe expression, dimaiie and 
other infiueneei. What is said of the inflnence of climate? What is 
tbe circnmstance which baa moat influence in prodadng varieties in 
man and in animals? What is included in the term doiaentieationt 
What ia the predse questionin regard to climaticand other influenoee? 

31G. Mention some bets that show that climate has a great infln- 
ence on tbe color of the race. What Inflnence do intelleatuid and 
moral cauaea exert upon the shape of tbe bead ? , 
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317' What is said of certain cbanges in form ptoduced by causes 
the operataon of which we do not understaudt What are the three 
difi^rent types of form in the head stated by Dr. Pritchaid. and bj 
what cauees are they produced ! State \a regard to each : — the prog- 
TuUhout — the pyrataidal — the owd. 

31S. Give some facts showing that these tj7>e8 are convertiUe into 
each other. What is said of the inaendble gradatioDB by which the 
Taiieties of the race pasa Into each other 1 

319. What e£fect has the influence of domesticaUon on both man 
and animals? What two objectiona are brought against the alleged 
.competenc7 of climatic and other influences to produce the vaiieUes 

of the tacef What great fact is a suSdeut reply to these objections? 

320. Appl7 this fact in explanation of the production of the varie- 
ties of the human race. What is said of the analog; thus drawn be- 
tween man and animals, in comparison with that which Professor 
AgasMz has tried to establish? What consideration weakens hie an- 
alogy 1 If the climatic and other influences appear to any one incom- 
petent to produce the ratieties of the race, is he driven necessarily to 
admit its multiple origin ? 

321. What is s^d of the occadoual introduction of new causes by 
the Creator ? Upon what do our calculations upon the regularity of 
natare depend ? What is said of the change in the age of man e&cted 
at the time of the flood ! 

322. What is said of the occamonal appearance of new diseases? 
What is said of the convnlmons which have evidently taken place in 
the earth ? Doee It make any difibrence lo the argument, whether the 
results came directly from causes, or from a chain of causes 1 

323. Apply the a^:ument to the production of the varieties of the 
race. What is said of the olijectlon to the argument, that it is suppos- 
ing a miraculous interposition? 

324. Is the supposition thus made needed ? What is said of it in 
comparison with the suppoution of Agassiz ? On what principles is 
the testimony of the Mbte as to the origin of the race to be interpreted ? 
What are the main facts which it gives in relation to it? How is the 
truth of its testimony confirmed ? Of what force is analogical and 
presumptive evidence in oppo^tion to it ? Is any fear to be entertained 
in regard to brining the ffible to the test of ascertained facta 1 



CHAPTER XX. 

325. What is said of the diverm.ty in the manifestations of life? 
How is life always the same in relation to its origin ? Bemark on the 
wonderful variety of results wo^ed out by the vital force beginning 
in a simple cell. 
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326. Bow is life alwajs eeaenUaUf the same in iU prooefiBee as well 
«B in its origin X Do we know what life ia? How doea the vital tov» 
differ from anch forces as light, heat, and electridtj, in regard to its 
power of dif^idou t How in regatd Ut Belf-geaetaUon ? How in regard 
to the tariety of Its effects ? 

327. Do we know whether life is one thing! What ia said of the 
supposition that the principle of life resided chiefly in the blood t 
Wikat are the relations that exist in living bodies between the laws 
of chemistry and mechanics and Ihoee of life ! ninstrate this point T 

328. What is said of the mataiials of which the hmnan body ie 
compoeed, and of the degree of heat in which they are kept! Bhow 
the difference In the operation of heat on dead and on living matter, 
as Been in the egg, 

329. How is the power of the vital force exhibited in the oniform-. 
ity of the heat of the body t What la s^d of the changes going on by 
the opermtion of the vital force 7 Remark on the dormant condition of 
this force In the case of seeds. 

330. Bemaik on the analc^^ between the hibernation of animals 
and the stat« of most of the ve^table world in wiDtet. What portions 
of the homan system are some of the time dormant, and why t What 
is the moat mysterious ciicnmstance In regard to the vital foice t Show 
how the Honl and the vital force are two distinct, and, in some measore, 
opposing forced. In what different senses are they both present every- 
where in the system ) 

331. What is stdd of the develr^iment of the sonl in the body T 
What of the mystery of this connection t What is awd of the limit of 
the vital force t Has the vital force a natural limit T 

332. What is the dietinctiou between sgOemie and moketUar 
death t How may death begin in the drevlatmg system 1 

333. Give the tliree classes of cansea by which death may begin In 
the respirators system. Give examples of death b^inning in the 
nervous system. 

334. ninatrate the (act that death is commonly a complex event. 
What is stud of the fdgns of death T What is said of the deamees of 
the evidence In all ordinary cases Id regard to the fact of death 1 

33B. In the very few cases in which there is any donbt, what 
course should be pursued ! What light can phyriology give ns in re- 
lation to what is beyond this life? What is sidd of the coi^ectures on 
I this subject which its InveatigBtiom may prompt! 
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GLOSSARY. 



Ab-do'tnen, (Latin abdere, to conceal.) The Urgeet ca^ty of the 

' bod;, containing the liver, stomach, inteetinee, etc ; the bellj. 
Ab-du&tor, (L. abdiicere, to lead away.) A muBcle which movee 

certain parte, by Beparating them &om the asis or the body. 
Ab-aor'bents, (L. ob, and >i»iere, to siick up.) The veeaels which 

take part in the procesa of abeorption. 
Ab-sorp'tion. The proceae of sucking apfluidaby means of an ani- 
mal membrane. 
A-ce-tat»'u-lu7n, (L. aeetum, vinegar.) The socket for the head 

of the thigh-bone; an ancient Teasel for holding vinegar. 
Ac'id, A&etic, (L. aeetum, vinefrer,) Relating to acetic add. 

This is always composed of oxygen, hydrogen, and carbon, in the 

same proportion. 
A&id, Lactic, (L. loc, milk.) The atM ingre^ent of sontmilk; 

the gastric juici also contains it. 
A-chiPlea. A term applied to the tendon of two large moscles of 

A-crofmi-on, (Gr. aipor, akro», highest, and uno^, omo», shonlder,) 
A process of the acapnia that joins to the clavicle, 

AU'du&tor, (L. add-ueere, to lead to.) A muscle which draws one 
part of the body toward another. 

At-bu'men or Albunin, (L. aSmi, white.) An animal suhetance re- 
sembling white of egg. 

Al-bu'tni^nose, (from aibumen.) A solnble animal snlJetance 
produced in the stomach by the digestion of the albuminoid sub- 
stances. 

Al-bu'min-oid substances. A class of proilmato principles resem- 
bling ^bmnen ; they may be derived from either the animal or 
vegetable kingdoms. 

Al'i-ment, (L. alsre, to noorish,) That whJch aBbrds nonriahmant ; 
food. 

Al-i-menlfa-ry Ca-neUf. (from alUnent.) The tube in which the 
food is digested, or prepared for reception into the system. 

Al've-O-lar, (L. ttiMtrf«*, a socket.) Pertaining to the aocketoof the 
teeth. 
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An-<BS-th^ic», (Greek ov, an, vtthont: aicBtjaia, Ut?ieiia, feeling.) 
Those medicinal agents which prevent the feeling of pain. Bach as 
chloroform, langbing-gas, etc 

A-nan'to-mone, (Or. ava, ana, through, uid oTOfia, tloma, mouth.) 
The conunanication of arteries and veins with each other. 

A-nat'o-uiy, (Or. ava, ana, through, and ro/iij, tomZ, a cutting.) 
The description of the Btrocture of uiimalB. The word anatomy 
properly uguifiee diasection. 

Af%-i-mal'eule, (L. animal' evlum, a small animal.) Applied to 
animals which can only be seen with the ajd of the microscope. 
AnimcUeulum (plural, aaimtdeula) is used with the same roeaning'. 

A-or'la, (Gr. cia^ri?, from ueipav, aeirein, to lift, to be lifted up.) 
The largest artery of the body, and main tronk of all the arteriee. 
It arises from the left ventricle of the heart. 

Ap-o^ieur^o'ala, (Gr. ano, apo, fhim, and vevpov, Tieuroa, a nerve.) 
The membrauous eipaoeioaB of muscleB end tendons. The an- 
cients called every white tendon neurcvo, a nerve. 

A'gue-OtM Humor, (L. aqua, water.) The watery colorless fluid 
occupying the space between the cornea and crystalline lens. 

A-raeh'noid Mein'brane, (Gr. dpilxvji, a/rachne, a cobweb, and 
eidof, eidoa, like,) An extremely thin covering of the train and 
spinal cord. It lies between the dura mater and the pia mater. 

Ar'bor Vi'tae, (L. the tree of life.) A name (pven to the peculiar 
appearance presented by a section of the cerebellum. 

Ar'ter-J/, (Gr. oijp, aer, air, and riprw, terein, to contain.) A 
vessel b; which blood is conveyed frrna the heart. It was sup- 
posed by the ancients to cant^ ur ; hence the name. 

Ar-tic-U-ia'tioii, (L. articulare, to forma joint.) Themoreor lesB 
movable union of bones, etc. ; a joint. 

A-ryt-e'noid, (Gr. opiiraii'a, arutaina, a ewer, nnd aSo^, eidos, 
form.) The name of a cartilage of the larynx. 

As-phyxfi-a, (Gr. a, a, not, and m^in, tphyxi*, pulse.) Originally, 
want of pulse ; now nBed for suspended leepiration, or apparent 

Aa-trag'a-lus, (Gr.) Thenameof aboneof thefoot. Oueofths 
tarsal iranes. 

Aa-8itn-i-la'tion, (L. ad, to, and timUit, like.) The convertion of 
food intoliving tissne. 

Au-di'Uon, (L. aadvre, to hear.) The act of hearing Bounds. 

Au'di-to-ry Nerve. The special nerve of hearing, 

Au'ri'Cle, (L. auris, the ear.) A cavity of the heart. 

Ax-U'la, (L.) The arm-pit. 

A-XOt^, (Gr, a,a, not, and iati, mJ, life.) Nitrogen. One of the con- 
stituent elements of the atmosphere. So named because it will 
not sustain life, . 
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Bel-la-don' na, Ifi. beautiful ladj.) A vegetable narcotic pwMD. 
It has the propen; of enlarging the pupil, and tbos iocreBBing 
the briliiancj of the eye. 
Si-tms^pid, (L. bia, two, and &ii»pis, prominence.) The name of the 

fonrth and fifth teeth on each ude of the jaw. 
Bile, <L. biiU.) A yellow viscid fluid secret t^ the liver. 
Bnmch'if (Qr. ppayxa^, bronkoa, the windpipe.) The two great di- 

vidona or branches of the trachea. 
Bronch'i'tU I'ubes. The amaller branches of the ttachea within 

the Bubetance of the lungs, terminating in the air-cells. 
Broncli-i'tls, (from bronchia, and ttw, an afSx.) An inflammalJon 

of the larger bronchial tubes. 
Bur'ette JUu-co'ea, (L. fiiWM, a purse, and mucosa, visoonB.) Small 
sacs, containing a Tiecid flnid, eitnated about the joints, under 
tendons. 
CaX-ca-re^OUSf (L. eo^ lime.) Containing lime. 
Co-niJMf', (L. eanit, a dog.) Name given to the third tooth on each 
mdeof the jaw; in theupper jawit isalsoknownastheeye-tooth. 
Cap'U-la-rp, (L. capil'ius, a hur, eapiUa'rii, halr-ljke.) The name 

of the eitremelj minute blood-vessels connecting the vdns. 
CaV'honHc Ac-id, or Car'bon XHox-ide, (COj.) The gas 

which is expired from the lungs. 
Car'di'ac, (Gr. napiia, kardia, the heart.) The upper orifice of the 

stomach near the heart ; hence its name. 
Car-nWo-rous, (L. et^ro, flesh, and voTa're, to devour.) Snbdst- 

ing upon flesh. 
Ca-roVid, (Gr. Kopof, karo», lethargy.) The great arteries of the 
neck that convey blood to the heart. The ancients supposed 
drowdness to be seated in these arteries. 
€a'8e-ine, (L. edteui. cheeee.) The albuminoid substance of milk ; 

it forms the ba^ of cheese. 
Car'ti-lage, (L. eartiiago) Gristle. A smooth, elastic substance, 

softer than bone. 
Ca'va, (L.) Hollow. Vena earn. A name given to the two great 

veins of the l>ody. 
Cer-e-hel'lam,, (diminutive of cer'ebrum, the brain.) The little 

brain, idtuated beneath the cerebrum. 
Cer'e-brum., (L.) The brain proper, occupying the entire upper 

portion of the ^ulL 
Cere-bro-Spi'nal. Relating to the brain and apine. 
Clior'da-CB, (L.) A cord. An assemblage of fibers. 
Clio'roid, (Gr. xop"iv. eharion, a membrane or covering.) The mid- 
dle tonic or coat of the eyeball. 
Chyle, (Gr. ;tuAor,cAuiM, juice.) The milk-like fluid formed in the 
intestincB by the digestion of fatty articles of food. 
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Chyme, (Gr. jcv^ior, chumm, jidce.) A kind of gmylsh' palp fonned 

bom the food in the stomach. 
CU'i-a, (pi. of eil^i-um, an ejeliiBli.) Minute hair-like proceeaes foiud 

upon the cells of the alr-paaaagea, and other parts that are habitn- 

BII7 moiat. 
Cin-e-ri'ttaus, (L. eaiit, aahefl.) Earing the color of ashes. 
Cir-cu-la'tioH, (L. eiretUHre, to move tm a circle.) The drcoit or 

coniBe of the blood through the blood-resaele, 
CUttfi-Kle, (L. elaziietda, fWim elaj^, a key.) The coUar-boDe; so 

called from ita resemblance in shape to an andeut tce^. 
(kf-ag-u-la'Hon, (L. eoagvl«re, to cudte.) Applied to the prooeeB 

b; which the blood dots or solidifiee. 
OiCh'le-a, (Gr. kd^Au, kochio, to twist ; or L, eochha, a screw.) A 

cavity of the ear resembling In form a snail shell. 
C&lon, <Gr.) A portion of the large intestine. 
Cot-um-'na, ve, (L.) A column or pillar. 
Con'dyle, (Gr. noviuXot, kon4mlo», a knuckle, a piotaberance.) A 

prominence on the end of a bone. 
Con-Junc-ti'va, (L.con.together.andjun^are.tojoln.) Themem- 

brane that covers the anterior part of the globe o( the eye. 
Con-trac-tAVi-ty, (L. eon, and Prah^t, to draw together.) The 

property of a noscle which enablea It to contract, or dnw its ex' 

tremitieB closer together. 
Con-vo-lu'tions, (L. eon and 'Bolvtre. to roll together.) The tortn- 

ous foldings of the external surface of the brain. 
Car'ne-a, (Ii. eor'nu, a horn.) The transparent membrane which 

corera the anterior fifth of the eyeball. 
Cor'pus-cles, Blood, (L. dim. of eo^piu, a body.) The small bicon- 
cave disks which give to the bloo^ its red color ; the v^Ui corpns- 

clee are globular and larger. 
Coafta, (L. eo^, a coaat, aide, or rib.) A rib. 
Cra'ni-al, (L. era'nium, the skpll.) Pertaining to the skolL As 

the cranial nerves. 
Cri'coifi, (Gr. npUo^, hrikot, a liog.) A cartilage of the larynx, re- 
sembling in shape a seal ring. 
Cry^UU-Une Lena, (L. erystal'lum, a. crystal.) One of the 

humors of the eye; a double convex body ^tnated in the &ont 

part of the eyeball. 
CWti-cle, (L. dim. of eu'iis, the skin. The scarf-skin ; also called the 

Ca'tix, (Gr. (wSrof, ftfcutM, the skin or hide.) The true skin, lying 

beneath the caticle ; also called the der'nui. 
De-cus-na'tion, (L. dtm^gi*, the Roman numeral ten, X.) A re- 

dprocal crossing of fibres from side to (dde. 
XH'a-phragtn, (Gr. iia^paytia, diaphroffma, a parUtJon.) The 
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midriff; a maacle BeparaUDg the cavitjr of the elisst from the 

abdomen. 
Di-as'to-le, (Gr. diaarinetv, diiMleaein, to pot sanndet.) The dila- 
tation of the heart and arteries when the blood enters them. 
Dor'sal, (L. dormm, the bai^.) Pertaining to the baift. 
Du-o-d^numf (L. dvode'ni, twelve.) The Bret diTlrioa of the 

Bmall inteatinee. 
JOu'ra Mf^ter, (L. dumt, hard, and mater, mother.) The oater- 

mo0t membrane of the brain. 
E-mul'aion, (L. emvlg^re, to milk.) Oil in a finely divided state 

Boepended in water. 
En-atn'elf (Fr. emaU.) The smooth hard mateoial which covers the 

crown or visible part of the tooth. 
Ep-i-glot'tt«, (Gr. tm, epi, npon, and yJmtto, gWUa, the tongae.) 

One of the cartilagee of the glottis. 
Eusta'cht-an "Pube. A channel from the foncee to the middle 

ear, named fknn Eustachius, who first deecribed it. 
Ex-pi-ru'tiotif (Ii. ecapiri^re, to lireathe oat.) The act of farcing 

air ont of the Inngs. 
JEx-ten'sion, (I4. t^ out, and tendere. to stretch.) The act of re- 
storing a limb, etc., to its natural position after it hae been flexed, 

or bent ; the opposite of Fleccian. 
Fag'ct^a, (L. fnteia, a band.) A tendinoos expansion or aponenrosis. 
Fe-nea'tra, (L.) Literall;, b. window; the opening l>etweMi the 

middle and internal ear. 
FVbrin. A peooliar organic sobslance foond in animals and yege- 

tables; it Is solid, tough, elastic, and ooropoeed of [hreadj fibers. 
FleafUm,, (L. JUet&re, to bend.) The act of bending. 
Fib'u-Utf (L. a clasp.) The outer and lesser bone of the leg. 
Fol'li-cle, {h.foOiealvs, a small hag.) A gland; a little bag in ani- 
mal bodies. 
Oa»'gti-on, (Qr. yayyXiov, ganglion, a. knot,) A knot-like swelling 

in the course of a nerve ; a smaUer nerre^enter. 
GaS'tric, (Gr. -jaatiip, gaatiT, stomach.) Pertaining to the stomach. 
GUtnd, (L. glaa*, an HCom.) An organ oonsisting of follicles and 

ducts, with nomerons blood-vessels interwoven ; it separates some 

particular fluid from the blood. 
GtoBfao-pIiar-yn-gefal Nerve, (Gr. y^Bua, gloua, the tongue, 

and ^pvr^, pharuTia, tiie throat.) The nerve of taste euppljdng 
the posterior third of the tongue ; it also snpplies the throat. 
Glottis, (Gr.) The narrow opening at the upper part, of the larynx. 
Gu^ta-tO-ry Nerve. The nerve of taste supplying the front 

part of the tongue ; a branch of the " fifth" pair. 
Hem'or-rfiage, (Or. uipa, Tuii'ma, biood, and ^ywiu, regnvmi, to 

burst.) Bleeding, or the loss of blood. 
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ne-paVic, (Or. iinap, Tiepar, the liver.) PerUintDg to the Utot. 
Hy'gl-ene, (Or, iyitie, kuygMa, health.) The ert of preaervinj^ 

health and preveutiug disease. 
In-iA^or, (L, iTMiMfow, to cut.) Applied to the four front teeth of 

both jawB, which have Bharp catting edges. 
ll'e-utn,, (Gfr. iV^iv, midn, \a wind.) A porlion of the small int«8- 

J»-«al-<-va'tion, (L. tn, and «aJi'«a, the fluid of the mouth.) The 

miug-ling of the Mliva nith the food daring the act of chewing. 
In-epi-ra'tUm, (L. in, and gpirXre, to breathe.) . The act of dntw- 

ing in the breath. 
In-teg'u-tnentf (L. in, and Ugin, to cover.) The skin, or oater 

covering of the body. 
Fria, (L. fru, the rainbow.) The thin maacnlar ring which lie« 

between the cornea and crystalline lens, and which gives the eye 

lla browD, hloe, or other color. 
Xti-ter-COefcU, (L. inter, between, and eoita, e. rib.) Between the 

ribB. 
tfe-Ju'num, (L, empty.) A portion of the small intestine. 
tTu'gtt~lar, (L. jvgvium, the neck.) BelaUng to the throaL The 

grettt veins of the neck. 
Lab' y-rinth, (Or.) The intemaJ ear, bo named from its manj 

windings. 
Lach'ry-fnal, (L. laehryTna, a tear.) Pertuning to tears. 
jM^te-al, (Ii. ta£, milk. ) A small vessel or tabe of animal bodiea 

for conveying chyle tram the intestine to the thoracic duct. 
Lar'ynO!, (Or.) The cartUaginons tube situated at the top of the 

windpipe, or tracheA ; the organ of the voice. 
Lens, (L.) Uteially, a lentil ; any transparent sabstance bo Bhaped 

as either to converge or disperse the rays of light. 
Lilfa-fnent, (L. liglf're, to bind.) A strong flhrons material tending 

hones or other solid parts together. 
Lymph, (L. lyrapha, spring-water.) The colorless, watery fluid con- 
voyed by the lymphatic vessels. 
Marrow, (Sai.) The soft, fatty subatance contsined in the central 

cavities of the bones. (The spinal marrow, however, is composed 

of nervons tissue.) 
JHos-W-ca'Won, (L- maatieXTe, to chow.) The act of cntting and 

grinding the food to pieces by means of the teeth. 
Me-dv^la Ob-lon-ga'ta. The"ohlong marrow," or nerronscord, 

which ia continuous with the spinal cord within the skuU. 
Metn-bra'tM Tym'pan-i, (L.) laterally, the membrane of the 

drum; a delicate partition separating the outer from the middle ear. 
Metn'l>rane. A thin layer of tissue serving to cover erans part of 

the body. 
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Mi'treU, (L. mitra, a mitre.) The name of the valTea in the left 

side of the heart. 
Mollar, {L. moia, a miU.) The name of some of the large teeth. 
Jlfo'tor, (L. mtw^re, to move,) Causing motion; the name of those 

nerves which condact to the mnsctee the stioialiia which causes 

them to contiBCt. 
JIfw'cous lAem'hrane, The thlD layer of tissue which corers those 

Internal cavities or passages which commnnicate with the esMraal 

Jtf u'cu«. A Tisdd fluid secreted by the mncoua membrane, which it 

serves to moisten and defend. 
Na'stU, (L. Tiafiiu, the nose.) Pertaining to the nose ; the nami eavi- 

He* contain the distribution of the special nerve of amell. 
Serine, (Or. vtHpov, neurmt, a cord or string.) A glistening, white 

cord of cylindrical shape, connecting the brun or spinal cord with 

some other organ of the bodj. 
Nu-tri'tUm, (L, nutrwe, to nourish.) The proceeeee by which the 

noarislunent of the body is accomplished, 
Oc'ci-put, (L. db and a^iU, the head.) The hinder part of the 

CE-aoph'a-gus, (Or.) Literally, that which carries food. The tube 

leading from the throat to the stomach. 
Ot-fa&lo-ry, (L. olfati^v, to smell.) Pertaining to the sense of 

Op'tic, (Or. iirrueof, Ikim the root ok, future Sijiopai, cptomai, to see.) 

Pertaining to the sense of night. 
Or'btt, (L. or'Si», the socket.) The bony socket or cavity in which 

the eyeball is eitnated. 
Os^mose, (Gr. uofioc, okhw, a thrusting or Impnltdon.) The process 

by which liquids are impelled through a moist membrane. 
Oa^se-ous, (L. o>, a-bone.) Consisting of, or resembling bone. 
Pal'ate, (L. pala'tum, the palate.) The roof of the mouth, count- 
ing of the hard and soft palate. 
fal'mar. Belating to the palm of the band. 
Pan'ere-as, (Qr. iriit, pas, all, and Kpeas, kreat, fleeh.) A long, flat 

gland ratoated near the stomach. 
Pa-pll'la, <e, (L.) Small conical prominences. 
Fa-ren'chy-tna, (Gr. napeyx'"', parengehein, te pour through.) 

The snbetance conttdned between the blood-vessels of an organ. 
Pa-rotfid, (Gr. vaptt,para, near, and uiof, otog, the ear.) The name 

of the largest salivary gland. 
Pa-teVUt, (L. dim. of pafina, a pan.) The knee-pan ; a small 

t the lower port 
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Pep'ain, (Gr. nbrreiv, pepHn, to digest.) The proximate o^«alo 

element of tlie gastric jalce. 
IPer-i-car'dt-um, (Or. n tpi, peri, aiojiaA.faiA xapiia, kardia, thtt 

heart.) A membnne that iucloMe the heart. 
Per-i-cra'ni-um, (Or. vipt, and Kpavtov, hranioa, the cranium.) A 

membrane that inveela the Hkull. 
Per-i-to-ne^um, {Qr. irtpiTclvav, perUHnein, to stretch aronod.) 

The invesUng membraDe of the stomach, intestmes, and other ab^ 

domioBl organs. 
Per-spi-rt^tU>n, (L. per»pirSr«, to breatha through.) The sweat, 

ot watery eshalation of the skin ; when TJtilble, It Is called tentibU 

perspiiatlOD, when invisible, it is called Jn(«n«tU« persi^ration. 
Fhar'ynx, (Gr. ^upi^f, phamna, the throat.) The cavity between 

the bach of the month and cesophagos. 
Phya-i-ol'o-gy, (Or. ^uk, phunt, nature, and ^yo^, logoa, a dis- 

coume.) The science of the fonctioiu of living, organized 

Pi'a Ma'ter, (L.) UteraUy, the tender mother ; the innennoat ftf 
the three coverings of the brain. 

Pleu'ra., <B, (Gr. ■KXtKpa,'^/eu/ra, the ride.) A tliin membrane that 
covers the inside of the thorax, and also forms the exterior coat 
of the lungs. 

Pnea-mo~gatftric, (Gr. tvcv/iuv, jm^umon, the lungs, and yaariip, 
gaMer, the sMmach,) The name of a nerve diatribnted to the 
Innga and stomach ; it ia the principal nerve of reflpiratton. 

Pro&eas, (L. procedire., to proceed, to go forth.) Aaj projection 
from a surTace. Also, a method of performance ; a procednie. 

Fty'a-tin, (Gr. itriaXav, plualon, saliva.) The pecolikr o^anic in- 
gredient of the saliva. 

Pul'tno-na-ry, (L. pi^tno, pnlou/nii, the lungs.) Pertaining to 
the lunge. 

Pjf-lo'rus, (Gr. inlujpaz, pulSroi. a gate-keeper.) The lower open- 
ing of the slomaoh, at the beginning of the small intestine. 

Ses-pi-ra'tion, (L, re, again, and apirAre, to breathe.) The act of 
breathinj;. Inspiring air into the lungs and eipelliog it agwn. 

B^t'i-na, (L. r^U, a net.) The innermost of the tunics or ooats of 
the eyetiall, Ijeing an expansion of the optic nerve. 

Sa'crum (L. aacred.) The bone which forma the posterior part (tf 
the pelvis, and !b a continuation of the spinal cotomn. 

Sa-li'va, (L.) The fluid which is secreted by the salivary glands. 

Sde-rotfic, (Gr. oKSijpof, ttdirot, hard.) The lough, fibrous outer 
tunic of the eyeball. 

Se-cre'tion, (L. teeer^no, leere'tum, to separate.) The process of 
separating from the blood some essential important fluid ; which 
fliUd is also called a secretion. 
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Se'rum, (L.) The watei? cotietitaent of the blood, which separfttea 
from the dot dofing the process of coagulation. 

Sta'pes, (L.> Literally, a etinup; ooe of the smalt bones of the 
t7mpanam, or middle ear, resetnblmg aontewhat aRtirrapinsbepe, 

Skel'e-ton, [tlr. uheAHu, skeiiS, to dry.) The aggregate of the hard 
parts of the bodjr ; the booes. 

Sttb-lin'ffUat) (L. »aJ, under, and Uagva, the tongne.) SitOAted 
under the tongue. 

SvA-maafU-la-ry, (L. mib, andar, and maxUla, the jaw-bone.) Lo- 
cated under the jaw. 

Syit-O-vl-a, (Gr. avv, tin, uov, ooa, reeembling an 6^.) The lubri- 
cating fluid of joints, so called because it resembles the white of egg. 

Sj/S'to-le, (Gr. avoTiX^u, mitello, to contract.) The contraction of 
the heart, by which the blood is expelled from that organ. 

Tad tile, (L. tac'tui, touch.) Relating to the senae of touch. 

Teti'don, (Gr. Te^veix, tetJiein, to stretch.) A hard, insensible cord, 
or bundle of Sbers, by which a muscle is attached to a bone. 

Tho'rax, (Gr. iSiJ/jaf, (Atu-iw, a breastplate.) The upper cavity of 
the trunh of the body, containing the longs, heart, ete. ; the chest. 

Tliy'roM, (Or. tfwpeof, th-areot, a shield.) The largest (rf the car- 
tilages of the laryui ; its angular projection in the fjont of the 
neck is called "Adam's apple." 

Tra'che-a, {Gr. rpajtiif, irachui, rough.) The windpipe. 

Tutn'pa-num,, (Or. ru/iiravov, tumpdnon, a drum.) The cavity of 
the middle ear, resembling a driun in being dosed by two mem- 
branes, and in having communication with the atmosphere. 

IT'vu-la, (L. um, a grape.) The small pendulous Iwdy attached to 
the liack part of the palate. 

Voffcu-lar, (L. vmfcvlura, a little vessel.) Pertaining to, or con- 
tidning blood-vessels. 

Vdnous, (L. M'na.a vein.) Pertaining to, or contained within a vein. 

Ver'te-brnl Column, (h.ver'tebra.ajoiat.) The hack-bone, con- 
sisting of twenty-four separate bones, called vertebne, firmly jointed 
t<^etlier ; also called the spinal column and spine. 

Ves'ti-bule. A portion of the internal ear, communicating with the 
semicircular canals and the cochlea ; so called from its &nded re- 
semblance to the vestibule or porch of a house. 

VU'li, (L. liU'lTU, the nap of cloth ) Minute thread>like projections 
' found upon the internal surface of the small intestine, giving it a 
velvety appearance. 

Vifre-ous, {L. tn'trum, glass.) Having the appearance of glass; 
applied to the humor occupying the largest part of the cavity of 
the eyeball. 

Viv-t-se&tion, (L. t^mi», alive, and secdre, to cut.) The practice of 
operating upon living animals, for the pnrpose of studying physi- 
olof^cal processes. ■ ^ CoO'jIc 
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Sheldon & Company's 7'sxt-Sooks. 



The Science of Qoverntnent in Connection loith 
American Institutions. By Joseph Alden, D.D., LL.D., 
Pres. of State Normal School, Albanj. 1 ToL 13ma. Prioe (l.SO. 
Adapted to tlie wantg of Hi£b Scboolg and Colleges. 

Altlen's Citizen's Manual: a Text-Book on Government, in 
ConnectioD wltb American Institutions, adapted to the wants of 
Common Schools. I; Is in the form of queetious and answers. 
Bf JosBPH Alden, D.D., LL:D. 1 vol. 16mo. Price SO cts. 

Horeaflar no AmerlcSD can be said lo lie educakil who does not thoroughly 
understand the formation of our Uovbrnment, A prooilDent divine hue said, 
that "ayeryTonngperBon shonld careMlj' and sonscientloiisly be tanght thooB 
distinctive Ideai; which conBtlMie the aabetsncc of our ConetltDtion, and which 
determine the poiicy of oar poUdca ; and to this end there ought forthwith to 
be introduced Into our ecboole a Himpic, comprehcnelve manul, whereby the 
needed tnltlon ihonld be Implanted at that early period. 

Schtnitz's Manual of Ancient Hi«tory; from the Re- 
motest Times to the Orarthrow of the Western Empire, a 
476, with copious Cbionological Tables and Index. By Dr. 
Leohhakd Schuttz, T. R. S. E., Edinburgh. Price (1.75. 

Tlie XZementa of Intellectttal Philosophy. By FB*NCia 
Watlakd, D.D. 1 vol. 13mo. Price tl.75. 

This cleariy-wrltteo book, (torn the pen of a scliolar of eminent ability, and 
who has had the largest eipertence in the edncation of the btunaD mind, 
Is unqnestionably at tbe bead of tszt-boolta in iDtellectoal Philosophy, 

An Outline of tlte Ifecessary Laws of Thought: 

A TreatUe cm Pure and Applied Logic. By William Thom- 
son, D.D., Provost of the Queen's CoUege, Oxford. 1 vol. 12mo. 
aoth. Price $1.75. 

This booh has been adopted as a regular teit-booh in narrard, Yale, 
Bocheeter, New York University, Ac 

JFairchUds' Moral Philosophy ; or, The Science of 
Obligation. By J. H, Fairchild?, Prerident of Oberlin 
College. 1 vol. 12mo. Price |1.60. 



Practical Ethics, Government and Personal Kight» i 

thpm in their relation to BeBeviilence, aiming at a solnL.uu „. ™v ,."- 

right and wrong npon this simple principle. 

Ann 1^ the abi/ne 'eat by raail, pott-paid. On raxipl qf price. 
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Sheldon A Company's S'exi-Soo/bSf 

OOLTON'S NEW flEOOEAPHIEB. 

IRfl vthote tul>}eet in Itoo Boaha. 

These Booi* are the moat timpk, the most pradieal, and bett 
adapted to the teanttofthe ichocl-roon of any yet pi^iAed. 

I, CoUon'a yew Introductory Geography. 

With eutirelj' new Maps made eepeciall; for this bnok, ■ 
:he moHt improved plan ; and eleganUy IlIuBtrated. Price 90 ctB, 

II. Cotton's Common School Geography. 
With Tbirtj-six new Maps, made eepedallf for this book, 

and drawn on a tmiform sjstem of scales. 

Elegantlr Ulnstiated. Price (3.00. 

ThiB book is the best adapted to teaching the snbject of Geog- 
raphj of an7 ^et pablishwl. It is simple and compreheDSive, 
and embracee just what the child should be taught, and nothing 
e. It also embracee the general prindplee of Phprtcal Geog- 
raphy so &T as thej can be taught to advantage in Conunou 
Schools. 

For those desiring to poieae the etnd^ of PhfEdcal GeogMphy, 
re have prepared 

Colt^m's Physical Geography. 

One Vol 2to. Price |1.50, 

A very valuable book and folly Illustrated. The Maps i 
CtHUfnled with the gfeal«8t care by Qbo. W. ColtoNi and repre- 
sent the moet remarkable and intereetiug features of Phyrical 
Geography clearly to the eye. 

« plan of Cdfon't Geography Id the best 1 bavB ever aeen. It meets th' 

t want* of OBr Grammar 8choolH. The Besieic 1b unearpasBed In It 

tendency to make tiorougri and refloWs (cholarB. I have learned more Geog- 
raphy thai Ig pracHcai and oraUoWe daring Iha nbort tUne wa have need this 
work, than In aU mj life belbre, Inclndlng ten yean tenelilng by Milchell'B 
plan.— A. B. HnwooD, iVin. FraaUin Oram. Bchoal, Lotma, Mats. 
So treU Mtlafled have I been with these QeognpMee that I adopted them, 
»d have procnred their tntfodnction Into moet of tlu schools In this umn^. 
Jaus W. Thokpsoh, am., Pria. if CmlrmiBt AcaOemg, Maryland. 

Jnj/ff Ua about itat bj/maUfpeitpaid, oareeHpt (if price. 
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Stoddard's Series of Aritlimetics 



Stoddard's Primary Pictorial Arithmetic... $0 30 

Stoddard's Juvenile Mental Arithmetic 25 

Stoddard's Americaji Intellectual Arithmetic 40 

Stoddard's Rudiments of Arithmetic- 50 

Stoddard's Combination School Arithmetic- O 75 

Stoddard's New Practical Arithmetic 1 00 

Stoddard's Complete Arithmetic 1 S5 

Ksya to the Intellectual, New PncticaJ, and Complete Arlthme- 
tka are pabluhed foe Uadiert only, 

STODDARD'S SHORTER COURSE. 

The Teacher'e Cotnbituition Series. A full course for 
Graded Behook, combining Mental and Written Arithmetic, is 
obt^ned Id the three books, the Pkimaby Pictobial, Cohbi- 
NATioN School, and Complete Arithmetics, price |2.30. For 
Anademia, the Coxflete and iNTEiLLBCTTiAii furnish a high 
Bchool oonrHB, for Jl.R'S. For District SehooU, the COMBiHATiOir 
School Arithmetic alone niU be a good, practical text-book of 
Mental and Written Arithmetic, for 76 cents. 



The QBE of thsBs booke Indncas careful ittenttan Bud coDtlnnoDB applkattoD 
of Ihe mlad, at the aame time lelievfng alady of lU nsnal Irkaomenese, by 
sacb locld eiplanatlona and a propar prBeentBdon of the mbject u make them 
eaellj' appieheuded b; >cho1are. It has beSD stated bj an eminent edncator : 
"Stoddard is clear In ble Btatementa, logical tn hla Isngoage, piOKKflalvs In his 
placi,accarate tn bla dellnitlons, and buHlneeS'Uke tn hUanaljsea. In ahort, 
J^tlf. Stoddard hae tor Mathematics a genlne, not possessed by one man In ten 
tliODBBnd. that enables btm to make ' crooked things atralfilit and roogh placee 
Bmooth ' with SD eaaa that Is tmlr enilable. He comee Into the work from a 
ht^ier Mand.iiolnt, and so preeeDta Ihe snb]ect that the pnpU not oal; makes 
the most rapid advaocemaot In Arilhmetlc, but la better prepared tor thoroDgh 
progreee la higher Mathematics." 

A»y <^ tlu i^Kve HiU by mail, poit-patd, en rtedpl <^ prtM, 
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Sheldon db Companji'i 7'extSoofct, 

OLNEY'S HIGHER MATHEMATICS. 

Olney's Introduction to Algebra $1 OO 

Olney's Complete Scltool Algebra l GO 

Olney's Key to do, with extra examples. ..1 SO 
Olney's Book of Test Examples in Algebroi. ... 75 

Olney's University Algebra 2 00 

Olney's Key to do. 2 OO 

<Hney's Elements Oeom. & Trigonotn. (Sch. Ed.) 2 50 

Olftey'e Elements of Geometry, Separate 1 SO 

Olney's Elem^enta of Trigonometry. Separate. . 1 SO 
Olney's Eteiitetits of Geometry and Trigonom- 
etry. (Univ. Ed., with Tables of LogarithmH.) 3 00 

Olney's Eletnents of Geometry and Trigonom- 
etry. {Univerwty Edition, without Tnblee.) 3 30 

Olney's Tables of Logarithms. (Flexible coverB.). 7S 
Olney's General Geonietry and Calculus 9 50 

The uoivecBftl favor with which these books have been received 
by educators i« all parts of the country, letids the publishpra to 
thiat that they have supplied a felt want in our educational ap- 

There ia one feature which characterizes this series, bo unique, 
and yet ao eminently practical, that we feel de^roua of calling 
spedal attention to it. It is 

The facility with which the booltB can be used for classes of 

all grades, and in schools of the widest 

diversity of purpose. 

Each TOlume in the eeries is ao constructed that it may be used 
with equal ease by the youngest and least disciplined who should 
be pursuing its theme, and by those who in more mature yeare 
and with more ample preparutjon enter upon the study. 



Aiig^aiea6BMunlbsmaii,p(i»t.pai4,0nTfcetplifprUe. 



ciq mod t, Google 



